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POSSIBILITY  OF  DIRECT  TRANSPORTATION  OF 
TESTICULAR  HORMONE  TO  SOME  TARGET 
ORGANS  LOCATED  CLOSE  TO  THE  TESTICLE 
IN  THE  POSTNATAL  RAT  AND  ITS 
PHYSIOLOGIC  SIGNIFICANCE 

YOSHISUKE  SUZUKI,  YASUO  TOSHIMORI  and 
KOSHI  MOCHIZUKI 

Laboratory  of  Veterinary  Physiology  and  Anatomy,  Faculty  of 
Agriculture,  University  of  Tokyo,  Tokyo,  Japan 

THE  seminal  vesicles  and  prostates  of  rats  are  highly  sensitive  to  andro¬ 
gen.  In  the  hypophysectomized  animal  the  recovery  and  growth  of  the 
regressing  organs  can  be  easily  obtained  by  the  administration  of  minute 
doses  of  androgen.  The  maintenance  (Cutuly  et  aL,  1938)  or  reinitiation 
(Nelson,  1940)  of  spermatogenesis  and  the  scrotal  growth,  however,  were 
not  accomplished,  unless  animals  were  treated  with  much  larger  amounts  of 
androgen. 

In  the  study  of  the  course  of  sexual  maturation  some  paradoxical  facts 
came  to  attract  our  attention.  In  our  colony  of  rats,  the  significant  growth 
of  the  accessory  sexual  organs  (seminal  vesicles  and  prostates)  was  never 
observed  until  about  60  days  of  age,  while  spermiogenesis,  descent  of  testis 
and  epididymal  growth  began  to  take  place  almost  simultaneously  at  the 
30-40th  day  of  age  (Suzuki,  1950a, b,  1951,  1952a,b,  1954a,b.). 

Why  do  the  proper  accessories  fail  to  start  their  significant  growth  at  this 
earlier  stage  of  the  maturation  process,  though  these  organs,  as  Price  et  al. 
(1944)  have  reported,  easily  react  with  exogenous  androgen  even  before  the 
26th  day  of  age? 

Dvoskin  (1943,  1944)  obtained  the  local  maintenance  of  spermatogenesis 
in  hypophysectomized  rats  by  the  intratesticular  implantation  of  a  pellet 
which  contained  an  amount  of  testosterone  much  less  than  necessary  for 
complete  maintenance  of  the  accessory  organs,  and  clearly  proved  that  the 
gametogenetic  stimulation  of  androgen  was  here  a  direct  action.  He  also 
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suggested  that  the  local  action  of  the  hormone  on  spermiogenesis  may  be  a 
physiologic  process.  On  the  other  hand,  Jost  and  some  workers  (cf.  Jost, 
1953)  have  reported  that  in  the  foetal  life,  testicular  secretion  migrates 
and  directly  stimulates  the  development  of  the  male  sexual  accessories  and 
suppresses  that  of  female  ones,  though  this  secretion  seems  to  be  slightly 
different  from  the  testis  hormone  in  the  adult  life. 

From  the  study  of  the  epididymal  growth  under  several  experimental 
conditions  in  the  rats,  the  present  authors  obtained  a  concept  that  the  testis 
hormone  is  transported  not  only  by  the  systemic  blood  circulation  but  also 
by  a  direct  route  to  the  targets  adjacent  to  the  testicle  even  in  the  postnatal 
life,  and  this  may  furnish  a  favourable  explanation  for  the  present  paradox. 

MATERIAL  AND  METHODS 

As  experimental  animals,  male  rats  of  the  Wistar  strain  reared  in  our  laboratory  were 
used. 

The  outline  of  the  plan  and  procedures  of  the  experiments  is  given  in  Figure  1 . 
Experiment  1 

Operations  were  performed  at  the  25th  daj'  of  age  and  the  rats  were  sacrificed  at 
various  intervals  after  the  operation.  In  all  groups  the  left  testis  was  removed. 

Group  1.  The  right  testis  remained  intact. 

Group  2.  The  efferent  ductules  of  the  right  testis  ligated. 

Group  3.  Bilaterally  orchiectomized;  control  of  Groups  1  and  2. 

Group  4.  Ligations  applied  on  the  testicular  branch  of  internal  spermatic  blood 

vessels  and  on  the  efferent  ductules  at  the  right  side. 

Group  5.  Bilaterally  orchiectomized;  control  of  Group  4. 

Experiment  2 

Rats  20  or  25  days  old  were  used  and  sacrificed  four  days  after  the  operation.  The  left 
testis  remained  intact.  All  animals  received  a  single  injection  of  Penicillin  in  oil  (15,000 
i.u.)  immediately  after  the  operation. 

Group  6.  The  right  testes  implanted  with  following  materials. 

a)  Anterior  pituitaries  of  adult  male  rats  about  200  days  old  were  pooled 
and  desiccated  in  acetone,  used  as  minute  pieces  or  a  small  pellet  (dose: 
from  0.1  to  6.0  mg.). 

b)  Inactivated  pituitary  material  treated  at  100°  C.  for  4  hours  (dose:  0.6 
mg.). 

c)  Sterilized  methyltestosterone-cholesterol  pellets  incorporated  with  1.0, 
2.5,  5.0  and  25.0%  of  the  hormone  (weight  of  pellet:  1.0-1. 5  mg.). 

d)  Sterilized  cholesterol  pellet  (weight  of  pellet:  1.0-1. 5  mg.). 

e)  Acetone-desiccated  pieces  of  cerebral  cortex,  liver  and  kidney  from 
adult  male  rats  (dose:  0.6  mg.). 

Implants  were  inserted  into  the  caudal  end  of  the  right  testis,  just 
underneath  the  tunica  albuginea,  with  the  aid  of  a  glass  capillary 
syringe. 

Group  7.  Sham  operated  at  the  right  testis. 

Experiment  3 

Operations  were  performed  at  various  days  of  age  and  sacrificed  four  days  after  the 
operation. 
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Fig.  1.  Plan  and  procedures  of  the  experiments.  N.B.  1,  testis.  2,  epididymis.  3, 
deferent  duct.  4,  efferent  ductules.  5,  testicular  branch  and  6,  epididymal  branch  of  in¬ 
ternal  spermatic  blood  vessels.  7,  deferential  blood  vessels. 

Group  8.  The  left  testicle  removed,  the  right  intact. 

Group  9.  The  left  efferent  ductules  ligated,  the  right  intact. 

At  autop.sy,  epididymides  and  deferent  ducts  were  weighed  to  the  nearest  tenth  mg. 
and  the  other  reproductive  organs  to  the  nearest  mg.,  and  as  an  index  of  the  growth  of 
the  proper  accessory  sexual  organs  the  weight  of  the  seminal  vesicles  including  the  co¬ 
agulating  glands  (combined  both  sides)  were  used.  Smears  of  the  testicular  and  epididy¬ 
mal  contents  were  examined  for  the  first  appearance  of  the  sperm. 

In  some  representative  cases,  the  tail  of  epididymis  was  examined  histologically.  The 
materials  were  fixed  in  Bouin’s  and  in  Zenker-formol  fluids.  For  the  staining  of  general 
histological  purpose  Heidenhain  iron-hematoxyline  &  light-green  and  Heidenhain’s 
azan  stain,  for  connective  tissue  Lillie’s  allochrom  stain  (Lillie,  1951)  and  for  tissue  baso¬ 
philia  eosin-methylene  blue  (citric  acid-disodium  phosphate  buffer,  pH  4.2-5.0  and 
RNA  staining  was  controled  by  ribonuclease  digestion)  were  used.  Small  pieces  fixed  in 
chilled  80%  alcohol  were  used  for  the  Gomori’s  procedure  in  alkaline  phosphatase  de¬ 
tection  (Gomori,  1952),  serving  Na-glycerophosphate  as  a  substrate. 

The  weight  of  the  reproductive  organs  were  expressed  in  the  comparative  weight  of 
the  test  organ  to  body  weight  (mg.  organ  weight  per  gm.  body  weight),  and  difference 
in  the  growth  of  the  epididymides  or  of  the  deferent  ducts  of  one  individual  were  ex¬ 
pressed  by  the  right-left  weight  ratio  (asymmetric  ratio). 
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RESULTS 

Experiment  1.  Asymmetric  groicth  of  epididymides  in  unilaterally  orchiecto- 
mized  rats 

The  growth  of  the  separated  right  epididymis  in  Group  2  was  inferior  to 
that  of  the  intact  one  in  Group  1.  The  difference,  however,  was  not  signifi¬ 
cant  until  60  days  of  age,  when  the  sperm  began  to  be  detected  in  the  caudal 
part  of  the  intact  epididymis.  On  the  other  hand,  a  significant  growth  dif¬ 
ference  Avas  found  between  the  separated  epididymis  with  testis  and  the 
epididymis  without  testis  in  Group  2.  Thus  their  asymmetric  growth  was 
clearly  established  (Fig.  2). 
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Age  at  Autopsy  C  in  Days ) 

Fig.  2.  F.pididymal  growth  curves  of  rats  under  several  conditions  (Exper.  1). 
Animals  were  operated  at  25  days  of  aj^e. 
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The  size  of  the  left  epididymis  without  testis  and  the  seminal  vesicles  re¬ 
mained  the  same  as  those  of  the  bilaterally  orchiectomized  controls  until 
50  days  of  age,  and  thereafter  these  organs  grew  steadily  (Fig.  2  and  Fig. 
3). 

In  Group  4,  in  addition  of  the  ligation  of  the  efferent  ductules,  the  blood 
supply  to  the  separated  testis  was  intercepted  by  ligating  the  testicular 
branch  of  internal  spermatic.  The  testis  thus  operated  underwent  almost 
complete  degeneration  following  the  operation.  At  10,  15,  20  and  25  days 
after  the  ligation  they  weighed  respectively  70,  48,  39  and  42%  as  much  as 
the  removed  testes. 

The  epididymis  and  deferent  duct  of  orchiectomized  side  and  the  seminal 
vesicles  took  the  same  course  of  atrophy  as  in  the  bilaterally  orchiectomized 
controls  (Group  5)  during  the  course  of  the  experiment  (Fig.  4).  On  the 
other  hand,  the  separated  epididymis  and  deferent  duct  of  the  right  .side, 
located  at  the  ligated  testis,  continued  further  growth  for  a  certain  length 
of  time. 

This  may  indicate  that  a  certain  substance  (maybe  androgen)  which  was 
contained  in  the  ligated  te.stis  at  the  time  of  operation  exerted  its  local  an¬ 
drogenic  action  effectively  upon  the  adjacent  epididymis  and  deferent  duct. 

Experiment  2.  Does  the  inequality  of  androgen  production  or  of  androgen  con¬ 
tent  in  the  testes  between  the  right  and  left  sides  cause  the  asymmetric  growth 
of  epididymides  and  deferent  ducts? 

Following  the  implantation  of  pituitary  material,  the  bilateral  testes  in- 
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Age  at  Autopsy  (  in  Days  ) 

Fig.  3.  Growth  of  seminal  vesicles  in  uni-  and  bilaterally  orchiectomized  rats 
(Exper.  1).  Animals  were  operated  at  25  days  of  age. 
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Days  after  Operation  Days  after  Operation 

Fig.  4.  Asymmetric  growth  of  epididymides  and  deferent  ducts  in  unilaterallj*  or- 
chiectomized  rats  whose  remaining  testis  was  intercejited  from  blood  supplj’  and  sepa¬ 
rated  from  the  related  epididymis  (Group  4  in  Kxper.  1).  The  littermates  were  bilaterally 
orchiectomized  as  for  the  control  (Group  5  in  Exjier.  1).  Animals  were  ojierated  at  25 
days  of  age.  Number  in  parentheses  indicates  the  numbers  of  rats.  Range  of  distribution 
is  expressed  in  standard  deviation  (S.D.). 

creased  in  weight,  and  the  highest  increase  was  attained  as  mucli  as  30% 
over  their  littermate  controls  with  increasing  doses  of  implants,  hut  the 
right  implanted  one  was  always  slightly  heavier  than  the  contralateral  one. 
In  the  cases  of  androgen  implants,  the  growth  of  testis  was  suppressed 
bilaterally  comparing  their  littermate  controls  which  received  cholesterol, 
but  the  right  implanted  testis  were  less  affected  than  the  left  intact.  In  the 
sham  operated  animals  and  in  the  animals  implanted  with  non -pituitary 
materials,  the  treated  testicle  was  a  little  lighter  than  the  left  intact,  espe¬ 
cially  in  the  animal  operated  at  25  days  of  age. 

Classified  by  the  sorts  of  materials,  the  right-left  weight  ratio  (asym¬ 
metric  ratio)  of  epididymides  and  that  of  deferent  ducts  are  shown  in  Fig¬ 
ure  5A,  and  also  in  the  epididymis  and  the  deferent  duct  of  the  non-im- 
planted  testis  side  and  in  the  seminal  vesicles,  their  percentage  weight  in¬ 
crease  over  those  of  the  littermate  controls  are  given  in  Figure  5B. 

The  asymmetry  of  growth  induced  by  implantations  of  anterior  pitui¬ 
tary  and  methyltestosterone  was  not  present  in  any  of  the  controls  (Group 
6  b,  d,  e  and  Group  7).  The  epididymides  and  the  deferent  ducts  of  the 
implanted  testes  with  doses  more  than  0.4  mg.  of  the  dry  pituitary  and 
with  the  androgen  implants,  became  decidedly  heavier  than  those  of  the 
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Fig.  5  A.  and  B.  Unilateral  intratesticular  implantation  of  desiccated  anterior  pitui¬ 
tary  or  methyltestosterone  pellet,  etc.  (Exper.  2).  Animals  were  implanted  or  sham  oper¬ 
ated  at  20  or  25  days  of  age  and  sacrificed  four  days  after  the  operation.  Range  of  dis¬ 
tribution  is  expressed  in  standard  deviation  (S.D.).  Number  in  parentheses  indicates 
numbers  of  rats. 

contralateral  ones.  No  parallelism,  however,  was  observed  between  the 
asymmetric  ratio  of  these  organs  and  either  the  doses  of  pituitary  implants 
or  the  concentrations  of  androgen,  because  by  increasing  of  the  amounts  of 
them,  the  organs  of  the  left  non-implanted  testis  side  were  also  stimulated 
and  increased  their  weight  as  shown  in  Figure  5B.  Consequently  the  asym¬ 
metric  ratio  became  less  significant  in  the  implantations  of  doses  more  than 
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2.0  mg.  of  the  pituitary  and  of  25%  androgen  pellet,  while  on  the  contrary, 
weight  increase  of  the  seminal  vesicles,  stimulated  by  the  blood  circulating 
androgen,  became  evident. 

Besides  these  implantations,  experiments  with  the  fresh  anterior  pitui¬ 
tary  were  made  as  in  the  same  condition  stated  above.  A  significant  asym¬ 
metry  in  the  epididymides  and  in  the  deferent  ducts  was  obtained  by  im¬ 
plantation  of  from  a  half  to  one  and  a  half  of  anterior  pituitaries  of  normal 
adult  male  rats.  But  in  the  cases  where  much  larger  numbers  of  the  glands 
or  a  gland  derived  from  castrated  male  were  implanted,  the  asymmetric 
ratio  became  far  less  significant,  and  simultaneously  the  stimulation  on  the 
seminal  vesicles  and  on  the  epididymis  and  deferent  duct  of  the  non-im- 
planted  testis  became  evident. 

Experiment  3.  Physiologic  significance  of  the  direct  transportation  of  testis 
hormone  on  the  growth  of  epididymis  and  deferent  duct. 

The  growth  ratio  of  the  right  and  left  epididymides  and  of  the  deferent 
ducts  in  the  unilaterally  left  orchiectomized  rat  (Group  8)  and  in  the  case 
of  the  animal  with  an  intact  right  testis  and  the  left  one  with  a  ligation  on 
its  efferent  ductules  (Group  9)  were  followed  during  the  early  stage  of  the 
sexual  maturation.  The  results  are  shown  in  Figure  6.  (The  results  with 
the  deferent  ducts  are  excluded  because  they  were  almost  the  same  as  those 
of  the  epididymides.) 

In  Group  9  the  asymmetric  growth  was  not  detected.  In  Group  8,  the 
asymmetry  due  to  the  direct  action  of  testicular  substance  and  its  absence 
on  the  orchiectomized  side,  however,  was  significant  and  the  asymmetric 
growth  ratio  was  highest  at  about  30  days  of  age.  After  about  50  days  of 
age,  the  ratio  of  asymmetry  started  to  decline,  though  the  weight  of  their 
.seminal  vesicles  began  and  continued  to  increase. 

The  slight  asymmetry  also  was  observed  among  some  animals  in  Groups 
8  and  9,  operated  after  50  days  of  age,  when  sperm  began  to  be  detected  in 
the  tail  of  the  right  intact  epididymis.  This  asymmetry  should  be  attributed 
to  the  additional  quantity  of  sperm  transferred  into  the  right  epididymis, 
because  the  quantity  of  sperm  found  in  the  head  of  the  right  and  left  epi¬ 
didymides  at  autopsy  differed  widely. 

HISTOLOGICAL  NOTE 

In  groups  of  the  unilateral  orchiectomy  with  ligation  of  efferent  ductules 
(Group  2),  and  of  the  unilateral  intra testicular  implantations  of  pituitary 
materials  and  of  the  androgen  (Group  6  a  and  c),  there  was  no  essential 
histological  difference  between  the  right  and  left  epididymides  by  the  mi¬ 
totic  activity,  the  staining  reactions,  the  site  of  alkaline  phosphatase  ac¬ 
tivity  and  the  relative  height  of  epithelium,  despite  a  significant  asym¬ 
metry  in  the  size  of  epididymides  having  been  detected  in  the.se  cases.  That 
is,  the  difference  in  epididymides  was  detected  in  quantitative  but  not  in 
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the  qualitative  nature.  None  of  the  epididymides  showed  any  inflamma¬ 
tory  change  and  no  abnormal  proliferation  of  connective  tissue  suggestiv'e 
of  non-specific  growth. 

By  the  implantations  of  either  pituitary  materials  or  androgen  pellets, 
essentially  the  same  histological  appearance  was  obtained.  The  growth  of 
all  elements  of  the  epididymides  of  the  two  sides,  preserving  their  normal 


Fig.  6.  Efficacy  of  local  androgenic  action  of  the  testicular  substance  on  the  epididy- 
mal  growth  during  maturation  jirocess  (Exper.  3).  Animals  were  operated  at  various 
days  of  age  and  .sacrificed  four  days  after  the  operation.  Number  in  jiarentheses  indicates 
numbers  of  rats.  Range  of  distribution  is  expressed  in  standard  deviation  (S.D.). 

pattern,  predominated  considerably  over  those  of  the  littermate  controls 
(sham  operated  and  cholesterol  implanted),  especially  in  number  of  mito¬ 
ses  in  parenchyma  and  in  stroma  cells. 

On  the  other  hand,  the  epididymides  of  bilaterally  orchiectomized  rats 
(Group  3  and  5)  could  be  distinguished  histologically  from  those  of  the 
above  mentioned  groups  (Groups  2,  6  and  7)  but  even  in  these  cases  the 
difference  was  not  so  striking.  In  this  connection,  Cieslack  (1944)  has  al¬ 
ready  pointed  out  that  the  androgenic  effect  on  the  epididymis  can  be 
more  easily  detected  by  weight  increase  than  by  histological  change. 

The  histological  changes  were  not  adequate  to  visualize  the  local  action 
of  testicular  androgen  on  the  epididymis,  however,  it  is  to  be  noted  that  in 
the  conditions  used  in  the  present  study,  the  epididymides  of  the  orchi- 
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ectomized  side  and  those  of  the  non-implanted  side  could  respond  to  a 
minute  amount  of  androgen  in  the  general  circulation. 

DISCUSSION  AND  CONCLUSIONS 

The  findings  obtained  in  the  present  studj'  maj'  present  an  evidence  of 
local  androgenic  action  of  a  certain  testicular  substance  (may  be  androgen) 
upon  the  epididymis  and  deferent  duct  in  the  physiologic  state  as  well  as  in 
the  experimental  conditions. 

This  local  action  manifests  a  physiologic  significance  only  when  the  level 
of  androgen  in  the  circulating  blood  is  in  the  critical  or  threshold  range  for 
the  induction  of  the  growth  of  seminal  vesicles  as  can  be  seen  in  Figure  6 
(Group  8),  where  the  asymmetries  of  epididymides  or  of  deferent  ducts  are 
highest  at  around  30  days  of  age  when  the  epididymal  growth  becomes 
significant  in  the  physiologic  sexual  maturation  process  (Suzuki,  1954a,  b), 
and  thereafter  these  start  to  decline  with  the  progressiv^e  increase  of  the 
weight  of  seminal  vesicles.  This  decline  of  the  asymmetric  ratio  is  not  in¬ 
terpreted  to  mean  the  decreasing  in  the  local  action,  but  the  asymmetries 
of  these  organs  are  overshadowed  by  the  systemic  effect  of  androgen  in  the 
circulating  blood  which  results  in  the  weight  increase  of  epididymis  and 
deferent  duct  of  the  orchiectomized  side.  Because,  the  same  relation  be¬ 
tween  the  asymmetric  ratio  and  the  response  on  the  seminal  vesicles  was 
obtained  not  only  in  the  case  of  implantation  of  pituitary  materials  but  also 
in  the  case  of  androgen  implantation  as  can  be  seen  in  Figure  oA  and  B. 

This  parallelism  and  the  finding  of  Cieslack  (1944)  who  has  demonstrated 
the  testicular  secretion  of  androgen  as  early  as  the  8th  day  of  age  in  the  rat, 
using  the  weight  increase  of  the  tail  of  epididymis  as  the  criterion,  may  in¬ 
dicate  that  the  testicular  substance  which  is  directly  transported  to  the 
adjacent  targets  in  the  early  stage  of  the  postnatal  life  (around  30  days  of 
age)  should  be  the  same  with  natural  androgen  secreted  by  the  testis  in 
the  stage  of  adult  life.  For  the  conclusive  evidence  to  identify  this  sub¬ 
stance,  further  studies  are  necessary. 

From  the  results  in  Experiment  1  (Groups  2  and  4),  the  local  action  is 
possibly  caused  by  diffusion  of  androgen  through  the  tunica  albuginea  into 
the  adjacent  targets,  because  there  is  no  evidence  for  the  presence  of  spe¬ 
cial  blood  communication  between  the  separated  testis  and  its  epididymis 
and  deferent  duct,  and  the  efferent  ductules  were  completely  ligated.  In 
the  physiologic  state,  it  is  probable  that  the  androgen  can  be  also  carried 
by  the  testicular  secretion  through  the  efferent  ductules  into  the  epididy¬ 
mis,  as  Tuovinen  et  al.  (1947)  have  suggested.  The  local  effect  by  this  route, 
however,  seems  here  to  be  less  important  as  can  be  seen  in  Figure  6  (Group 
9)  where  the  growth  of  the  normal  epididjTOis  and  another  one  at  the  sep¬ 
arated  testis  is  compared. 
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Bj’  the  concept  of  direct  transportation  of  testicular  androgen,  the  para¬ 
dox  observed  in  the  sexual  maturation  process  may  be  reconciled  as  fol¬ 
lows:  in  30-50  days  of  age,  quantity  of  androgen  in  the  circulating  blood  is 
not  quite  enough  yet  to  induce  a  significant  growth  of  seminal  vesicles, 
even  though  the  androgenic  effects  could  be  demonstrated  in  the  epithelium 
of  this  gland  by  histological  examination.  (The  halo-like  granules  of  the 
epithelial  cells  are  observed  at  about  35  days  of  age.)  On  the  other  hand, 
epididymis,  deferent  duct  and  scrotum  which  receive  additional  androgen 
from  the  direct  route  are  able  to  start  their  significant  growth.  In  other 
words,  between  two  kinds  of  target  organs,  namely  one  adjacent  to  the 
testis  and  the  other  remote,  there  exists  a  considerable  quantitative  differ¬ 
ence  in  fixation  or  utilization  of  androgen  in  this  stage  of  life. 

SUMMARY 

The  paradox,  observ’ed  in  the  sexual  maturation  process  in  the  rat  that 
the  epididymal  growth,  descent  of  testis  and  spermiogenesis  occur  at 
about  30-40  days  of  age,  much  earlier  than  the  significant  growth  of 
seminal  vesicles  and  prostates,  may  be  reconciled  mostlj"  by  a  concept  in 
which  the  testis  hormone  is  transported  not  only  by  the  systemic  blood 
circulation  but  also  by  a  direct  route  to  the  targets  adjacent  to  the  testicle. 
Between  two  kinds  of  targets,  one  adjacent  to  the  testis  and  the  other  re¬ 
mote,  therefore,  there  exists  a  quantitative  difference  in  fixation  and  utiliza¬ 
tion  of  androgen  in  this  early  postnatal  live. 

The  results  which  support  this  concept  are  as  follows:  1)  By  the  uni¬ 
lateral  orchiectomy  in  immature  rats,  the  growth  of  separated  epididymis 
at  the  testis  side  predominated  over  that  of  the  contralateral  orchiectom- 
ized.  2)  The  influence  of  the  epididymal  content  of  testicular  secretion  up¬ 
on  the  weight  increase  of  epididymis  was  not  significant  before  60  days  of 
age  when  sperm  began  to  be  detected  in  the  tail  of  intact  epididymis. 
3)  The  conditions  of  inequality  of  the  androgen  content  or  of  the  andro¬ 
gen  production  between  both  testes,  provided  by  the  unilateral  intratesti- 
cular  implantations  of  androgen  pellets  or  of  anterior  pituitary  materials  in 
immature  animals,  induced  a  significant  asymmetric  growth  of  the  epi¬ 
didymides  and  deferent  ducts.  By  the  overdosage  of  the  pituitary  and  of 
the  androgen,  the  asymmetry  became  less  significant,  due  to  the  weight 
increase  of  these  organs  of  non-implanted  testis  side,  and  simultaneously 
the  stimulating  effect  on  seminal  vesicles  became  evident.  4)  The  growth 
asymmetry  caused  by  unilat(;ral  orchiectomy  of  four  days  period  was 
followed  during  the  course  of  sexual  maturation.  The  ratio  of  asymmetry 
was  found  to  be  the  highest  at  about  30  days  of  age,  before  any  significant 
growth  of  seminal  vesicles  had  occurred.  Thereafter  this  ratio  started  to 
decline,  though  the  weight  of  their  seminal  vesicles  began  and  continued 
to  increase. 
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RAT  PLACENTAL  HORMONAL  ACTIVITIES 
CORRESPONDING  TO  THOSE  OF 
PITUITARY  MAMMOTROPIN 


ESTEN  W.  RAY,  STUART  C.  AVERILL,  WM.  R.  LYONS 
AND  RUTH  E.  JOHNSON 

Departinent  of  Anatomy  and  The  Institute  of  Experimental  Biology,  Vniversity  of 
California,  Berkeley,  California 

Many  earlier  reports,  now  too  numerous  to  list  in  any  but  a  review 
paper,  have  emphasized  the  importance  of  the  placenta  as  an  endo¬ 
crine  organ.  In  the  past  30  years  this  emphasis  has  been  placed  largely  on 
such  of  its  hormones  as  directly  or  indirectly  influence  the  organs  of  re¬ 
production,  and  therefore  come  to  bear  on  the  form  and  function  of  the 
placenta  itself.  In  studies  on  the  hormonal  factors  concerned  with  the 
maintenance  of  pregnancy  few  findings  have  been  so  striking  as  those 
showing  that  the  rat  placenta  is  capable  of  carrying  out  roles  usuallj' 
assigned  to  the  pituitary.  These  roles  entail  the  responsibility,  not  only 
of  setting  up  the  conceptus  through  the  influence  of  gonadotropic  secre¬ 
tions  on  the  gonads,  but  also  of  maintaining  it  through  trophic  influences 
of  carefully  balanced  proportions  of  these  same  hormones  on  the  ovaries, 
and  in  turn  the  trophic  influences  of  the  gonadal  hormones  in  proper  ratios 
on  the  uterus  and  eventually  the  conceptus. 

Since  the  mammary  apparatus  develops  step  by  step  with  the  con¬ 
ceptus,  it  seemed  likely  that  some  or  all  of  the  hormones  influencing  one 
might  also  be  acting  upon  the  other.  In  an  earlier  publication,  data  on  the 
placental  factors  concerned  with  the  maintenance  of  pregnancy  in  the  rat 
have  been  presented  (Averill  et  al.,  1950).  These  confirmed  the  earlier 
work  of  Astwood  and  Greep  (1938,  1939)  showing  that  a  rat  placental  sub¬ 
stance,  “cyonin,”  stimulates  the  corpus  luteum  to  secrete  progestin.  Since 
this  luteotropic  activity  is  only  one  of  the  roles  attributed  to  the  purified 
pituitary  hormone,  mammotropin  (prolactin),  it  seemed  important  to 
make  further  comparisons  of  the  placental  and  pituitary  factors. 

METHODS 

In  the  following  experiments  the  female  sex  hormones  were  injected  in  the  form  of 
estrone  and  progesterone.  In  referring  to  unidentified  substances  with  estrogenic  or 
progestogenic  activities  the  terms  estrin  or  progestin  respectively  are  used.  The  term 
interstitial  cell  stimulating  hormone  (ICSH)  is  used  as  synonomous  with  luteinizing 
hormone  (LH).  Since  the  follicle  stimulating  hormone  (FSH)  is  necessary  in  combination 
with  ICSH  as  a  stimulant  to  ovarian  production  of  estrin,  such  an  effect  on  the  ovary  is 
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referred  to  as  an  ICSH-FSH  effect.  The  term  mammotropin  (MH)  is  used  to  designate 
the  hormone  of  the  anterior  pituitary,  wliich  in  its  purest  form  has:  (n)  a  crop  stimulating 
effect  in  pigeons;  (6)  a  hiteotropic  (not  luteinizing)  effect,  and  this  term  refers  to  the 
hormone’s  power  of  causing  the  production  and  secretion  of  progestin  by  ovarian  luteal 
tissue  and  thus  indirectly  acting  upon  the  mammary  gland  to  induce  lobulo-alveolar 
growth;  (c)  a  direct  mammary  growth  stimulating  (mammotropic)  effect  obtained  in 
synergism  with  estrin  and  progestin;  (d)  a  lactogenic  or  galactopoietic  effect.  Although 
other  effects  have  been  ascribed  to  this  hormone,  they  are  ftf  no  concern  here.  Our 
purpose,  then,  was  to  show  that  activities  corresponding  to  these  four  effects  of  purified 
pituitary  mammotropin,  reside  for  a  time  in  the  mid-pregnancy  rat  placenta. 

The  test  used  for  detecting  crop  sac  stimulation  was  the  “local”  method  introduced 
by  Lyons  and  Page  (1935).  This  is  a  modification  of  the  original  assay  devised  by  Riddle 
et  al.  (1932)  in  pigeons  and  doves. 

One  of  the  earliest  demonstrations  of  a  luteotropic  effect  of  MH  was  that  of  Diesel 
(1935)  who  showed  what  may  now  be  interpreted  as  a  prolonged  luteal  phase  in  mice 
injected  with  a  commercial  prolactin.  This  estrus-inhibiting  effect  was  studied  in  this 
study  of  placental  activities. 

The  test  for  a  mammotropic  effect  was  one  formerly  used  by  Lyons  (1943).  Hypophy- 
sectomized,  oophorectomized  virgin  rats  do  not  show  mammary  growth  following  injec¬ 
tions  of  estrone,  progesterone  or  a  combination  of  these  hormones.  If  MH  be  injected 
simultaneously  with  estrone  and  progesterone,  lobulo-alveolar  growth  may  be  induced. 
STH  added  to  the  above  3  hormones  causes  a  more  complete  lobulo-alveolar  response  in 
such  animals  (Lyons  et  al.,  1952).  Some  rats  were  hypophysectomized  only  and  then  in¬ 
jected  with  estrone  and  rat  placentae  to  demonstrate  simultaneously  the  luteotropic 
and  mammotropic  activities.  In  these  experiments  the  intention  was  to  induce  the  rat 
ovary  to  form  progestin.  This  hormone  would  be  expected  to  synergize  with  the  injected 
estrone  and  the  rat  placenta  to  cause  lobulo-alveolar  mammary  growth. 

Several  te.sts  were  available  for  lactogenic  or  galactopoietic  activity  of  the  rat  pla¬ 
centae.  Nelson  and  Gaunt  (1936)  using  hypophysectomized  guinea  pigs  demonstrated 
the  importance  of  adrenocortical  as  well  as  pituitary  activity  in  galactopoiesis.  Lyons 
and  Pencharz  (1938)  induced  milk  secretion  in  hypophysectomized  rats  with  crude  MH 
containing  ACTH  and  STH.  More  recently  (Lyons  et  al.,  1952,  1953b)  have  shown  the 
need  for  4  hormones  (estrin,  progestin,  MH  &  STH)  in  the  induction  of  complete 
lobulo-alveolar  growth,  and  of  3  hormones  (MH,  STH  plus  either  cortisone  or  ACTH) 
in  establishing  milk  secretion  in  such  glands.  The  animal  used  was  the  hypophysecto¬ 
mized,  oophorectomized  virgin  rat.  In  testing  rat  placentae  for  lactogenic  potency  this 
same  form  was  used  in  the  present  experiment. 

In  the  final  experiment  to  be  described  different  parts  of  the  rat  placentae  were 
tested  for  mammotropic  activity  using  the  method  mentioned  above. 

EXPERIMENTAL 

Experiment  1. — The  Crop  Sac  Stimulating  Effect  of  Rat  Placenta 

Saline  extracts  of  12-da3’  placentae  were  injected  daily  for  4  days,  locally  between  the 
skin  and  the  crop  sacs  of  1-month-old  Silver  King  squabs.  Total  dose  equivalents,  rang¬ 
ing  from  0.03  to  4.0  placentae  were  administered  to  8  groups  of  3  birds.  The  tests  were 
read  on  the  day  following  the  last  injection. 

Doses  of  0.03,  0.06,  0.12  and  0.5  placentae  gave  negative  responses. 
Total  doses  of  0.25  and  1.0  placentae,  each  elicited  a  border-line  reaction 
in  1  of  3  birds.  Positive  reactions  were  obtained  in  all  birds  injected  with 
either  2  or  4  placentae. 
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Experiment  2. — The  Luteotropic  Effect  of  Rat  Placenta 

Daily  doses  of  1  to  3  placental  e(juivalents  were  administered  to  20  normal  rats  in 
which  the  vaginal  cycle  was  followed  hy  the  smear  technic.  The  rats  were  injected  for 
10  days  and  the  test  was  considered  jmsitive  if  vaginal  cornification  was  prevented  for 
10  days.  The  first  inguinal  mammary  gland  was  dissected  out  and  prepared  as  a  whole 
mount  by  a  technique  already  described  (Lyons  and  Johnson,  1953a).  The  state  of  mam¬ 
mary  development  was  assessed  by  7-power  microscopy  and  expressed  according  to  an 
arbitrary  scale.  A  “D”  rating  was  given  to  a  mammary  gland  showing  a  duct  system 
either  completely  devoid  of  alveolar  buds,  or  else  containing  a  negligible  number  of 
these  (Fig.  3).  “DAB”  referred  to  a  gland  with  sparsely  distributed  alveolar  buds  on  a 
well  developed  duct  system  (Fig.  2).  The  rating  “LA”  was  assigned  to  a  gland  with 
lobulo-alveolar  development  (Fig.  1).  An  arbitrary  rating  from  “LA  I”  to  “LA  4”  was 
assigned  depending  upon  the  size  and  number  of  lobules  present.  Since  the  degree  of  de¬ 
velopment  varied  in  different  areas  of  the  same  gland,  the  rating  given  represented  an 
average  assessment  of  the  gland  and  in  some  instances  involved  fractions  as  well  as 
whole  numbers. 

Observations  on  the  mammary  glands  and  estrous  cycles  of  the  rats  are 
shown  in  Table  1.  In  3  rats  injected  with  three  12-day  placentae  daily, 
(group  4),  the  vaginal  cycle  was  stopped  in  a  prolonged  mucification  phase; 
and  the  mammary  glands  showed  excellent  lobulo-alveolar  development 
(Fig.  1).  Daily  doses  of  1  or  2  placentae  inhibited  the  cycle  in  7  of  10  cases; 
and  caused  I.r-A  mammary  growth  in  8  of  the  rats  (groups  1-3).  Two  of  the 
three  rats  in  which  the  cycle  was  not  inhibited  showed  L-A  growth.  Only 
1  of  the  7  rats  in  which  the  cycle  was  inhibited  failed  to  show  L-A  growth. 

Table  1.  Observations  ox  the  mammary  oi.ands  and  e.strous  cycles  of  normal 

RATS  INJECTED  WITH  PLACENTAL  PREPARATIONS  FOR  TEN  DAYS 


Clroup 

Rats 

Placentae  injected  ! 
per  day 

Estrous  cycle 
inhibited 

Mammary 

gland 

1 

3 

1  12-day  j 

no 

DAB 

(1) 

no 

LA2 

(1) 

yes 

LA4 

(1) 

2 

3 

2  12-dav 

no 

LAI 

(1) 

1  ves 

LA3 

(1) 

yes 

LA4 

(1) 

3 

4 

2  12-dav* 

yes 

DAB 

(1) 

yes 

LAI 

(1) 

yes 

LA2 

(1) 

1 

yes 

LA3 

(1) 

4 

3 

3  12-day 

yes 

LA4 

(3) 

5 

3 

1  1 5-day 

no 

'  DAB 

(2) 

yes 

DAB 

(1) 

6 

3 

3  15-<lay 

1 

no 

DAB 

(3) 

7 

1 

1  17-day 

no 

DAB 

(1) 

Abbreviations:  DAB  =  Ducts  and  alveolar  buds. 

LA  =  Lobulo-alveolar,  1-1-  to  4-|-. 

*  A  2%  butanol  extract;  other  preparations  were  saline  suspensions. 

In  parentheses:  the  number  of  rats  showing  the  mammary  reaction  indicated 
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The  administration  of  15  or  17  day  placentae  stopped  the  cycle  in  only  1 
case,  and  failed  to  induce  L-A  development  (groups  5-7).  The  ovaries  of 
the  animals  in  which  the  cycle  was  inhibited  showed  maintained  corpora 
lutea  with  the  cell  hypertrophy  typical  of  luteotropic  stimulation. 

Experiment  3. — The  Mammotropic  Effect  of  Rat  Placenta 

Long-Evans  virgin  rats,  2-7  months  old  were  hypophysertomized  and  oophorecto- 
mized;  and  injections  of  estrone,  progesterone  and  placental  preparations  were  begun 
on  the  same  day.  The  placentae  administered  were  taken  from  normal  rats  on  the  8th, 
10th,  12th,  13th,  15th,  and  17th  days  of  gestation,  counting  day  1  as  the  day  of  finding 
sperm  in  the  vaginal  smear.  Average  weights  of  such  placentae  were  7,  34,  55,  100,  209, 
and  307  mgm.  respectively.  In  the  case  of  placentae  from  the  10th  day  of  gestation  and 
later  it  was  possible  to  eliminate  the  fetuses  and  their  amniotic  sacs  and  administer 
onlj’  the  combined  fetal  and/or  maternal  parts  of  the  placentae.  The  specimens  from 
the  8th  daj'  of  gestation  were  so  small  that  the  entire  conceptus  was  administered. 
Placentae  were  administered  subcutaneously  in  the  form  of  fresh  tissue  implants,  or  as 
saline  extracts  or  suspensions  in  daily  doses  ranging  from  0.5  to  1 1  placental  equivalents 
per  day.  Injections  were  begun  immediately  after  the  operations  and  continued  for  vary¬ 
ing  lengths  of  time.  The  ovarian  hormones  estrin  and  progestin  were  given  in  subcutane¬ 
ous  injections  of  0.2  cc.  sesame  oil  containing  either  1  pg.  of  estrone,  4  mg.  of  progester¬ 
one,  or  both.  Necropsy  was  performed  on  the  day  following  the  last  injection  and  mam¬ 
mary  glands  were  graded  as  in  Experiment  2. 

The  effects  of  the  hormonal  injections  on  the  mammary  glands  are 
coded  in  Table  2.  The  body  weight  change  is  also  recorded.  The  loss  in 
weight  of  untreated  rats  during  the  first  10  days  following  the  double 
operation  usually  ranged  between  1  and  2  gm.  per  day.  There  seemed  to 
be  a  tendency  for  the  rats  injected  with  the  younger  placentae  to  lose  less 
weight  than  those  of  the  other  groups  and  the  controls;  but  this  is  con¬ 
sidered  meager  evidence  for  a  placental  growth  hormone. 

During  the  10  post-operative  days  the  mammary  glands  of  the  rats  treat¬ 
ed  with  sesame  oil  (the  vehicle  for  estrone  and  progesterone)  regressed  to  a 
bare  duct  system  (Fig.  3).  This  regression  w^as  not  prevented  by  daily 
injections  of  1  pg.  of  estrone  and  4  mg.  of  progesterone.  Some  of  the  rats 
in  all  of  the  groups  injected  with  placentae  as  well  as  estrone  and  pro¬ 
gesterone  showed  lobulo-alveolar  growth.  Others  showed  maintenance  of 
alveolar  buds  (DAB),  an  effect  obtainable  in  such  animals  with  purified 
MH  alone  (Fig.  4).  Eleven  8-day  placentae  (77  mg.)  daily  induced  L-A 
growth  in  3  of  5  tests.  The  12-day  placentae  were  consistently  potent  in 
the  mammotropic  factor.  A  single  placenta  implanted  daily  induced  L-A 
growth  in  all  of  5  rats  treated  for  only  6  days  and  in  all  of  7  rats  treated 
for  10  days.  Using  a  saline  extract  of  12-day  placentae,  postive  reactions 
were  obtained  in  2  of  4  rats  at  a  dose  equivalent  to  half  of  a  placenta. 
Some  of  the  rats  in  the  groups  injected  with  the  13,  15,  and  17-day  placen¬ 
tae  showed  L-A  growth,  but  the  response  was  less  in  proportion  to  the 
weight  of  placentae  injected  than  that  obtained  with  the  12-day  placentae. 
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TaBI.K  2.  EFKKfTS  OK  lXJK«TIOXS  OK  (JVAKIAX  AXD  1>I.A«KXTAI,  KRKHA RATION s  OX  THK 
MAMMARY  OI.ANDS  OK  HYI’OPH YSEt'TOMIZED-OOPHORKrTOMIZLI)  RATS 


Cl  roup 

Rats  j 

Placentae  | 

per  day  I 

i 

Ovarian  hormones 
daily  dose 

No. 

days 

itijected 

Body  wt.  1 
change  ! 

Mammary 

glands 

1 

10  ! 

None  1 

Sesame  oil  i 

6 

—  25  gm. 

I) 

2 

10 

None 

1  Mg  E+4  mg.  P  i 

6  1 

—  30  gm.  1 

I) 

10 

None  ' 

1  Mg- E -1-4  mg.  P  ! 

10  1 

—  30  gm.  ! 

1) 

5 

1 

II  8-day  FT  ] 

1  Mg-E+4  mg.  P  1 

l(» 

1 

— 14  mg.  i 

DAB  (2) 
LAI  (1) 
L.\2  (2) 

4 

5 

2  10-day  FT 

1  Mg  E-i-4  mg.  P 

10 

- 13  gm. 

DAB  (4) 
LAI  (1) 

5 

5 

1  12-dav  FT 

1  Mg  E-t-4  mg.  P 

6 

-16  gm. 

LAI 

7 

1  12-day  FT 

1  Mg.  E -1-4  mg.  P 

10 

— 19 

fLAl  (6) 
ILA2  (1) 

1 

2  12-dav  FT 

1  Mg- E -1-4  mg.  P 

10 

—  26  gm. 

LA2 

3 

3  12-dav  FT 

1  Mg-E-f4  mg.  P 

6 

— 11)  gm. 

LAI 

2 

3  12-da‘y  FT 

1  Mg.E-t-4  mg.  P 

10 

- 10  gm. 

LA2 

1 

5  12-day  FT 

1  Mg-E-f4  mg.  P 

10 

-13  gm. 

L.\3 

1 

7  12-day  h'T 

1  Mg-E-f-4  mg.  P 

10 

-  6  gm. 

LA2 

1 

0  12-day  FT 

1  Mg- E -1-4  mg.  P 

10 

-  2  gm. 

L.\2 

6 

4 

0.5  12-day  SE 

1  Mg.  E -1-4  mg.  P 

10 

-  14  gm. 

/DAB  (2) 
ILAI  (2) 

4 

1  12-day  SK 

1  Mg.  E  4-4  mg.  P 

10 

-15  gm. 

LAI 

4 

1.5  12-day  SE 

1  Mg.  E  4-4  mg.  P 

10 

-  0  gm. 

fDAB  (1) 
\LA1  (3) 

4 

2  12-day  SE 

i  1  Mg.  E  4-4  mg.  P 

10 

-13  gm. 

fDAB  (1) 
i  U-Al  (2) 

'  ILA2  (1) 

3  12-dav  Sh: 

1  Mg-E-l-4  mg.  1* 

10 

-15gin. 

i  LA2 

1  4 

4  12-day  SIC 

1  Mg.E4-4  mg.  P 

10 

:  -  1 4  gm. 

LA2 

4 

()  12-day  SIC 

1  Mg.  E  4-4  mg.  P 

10 

1  -  1 7  gm. 

'  iLA2  (3) 
1L.\3  (1) 

7 

1  1 

2  13-dav  SE 

1  Mg.E4-4  mg.  P 

I  10 

I  —25  mg. 

i  LAI 

!  4 

!  3  13-day  SE 

1  Mg- E  4-4  mg.  P 

10 

1  —20  gm. 

1  DAB(l) 
LAI  (3) 

8 

'  4 

1  15-day  FT 

'  1  Mg-E4-4  mg.  P 

'  6 

i  -lOgm. 

DAB 

1 

1  15-day  FT 

1  1  Mg.E4-4  mg.  P 

!  10 

j  —26  gm. 

1  LAI 

t  1 

3  15-day  FT 

1  Mg.  E  4-4  mg.  P 

10 

1  —22  gm. 

L.\2 

1> 

1 

1  17-dav  FT 

1  1  Mg.  E  4-4  mg.  P 

10 

-32  gm. 

;  DAB 

1 

'  3  17-day  FT 

1  Mg.E-l-4  mg.  P 

1  10 

—  34  gm. 

!  LAI 

1  ' 

1  5  17-day  FT 

‘  1  Mg-E-i-4  mg.  P 

i  l'> 

— 16  gm. 

LA2 

Ahbrevijitioiis:  D=ducts  only;  nAB=ducts  and  alveolar  buds;  LAI  to  4  =degrees  of 
lobulo-alveolar  development.  Number  of  rats  in  parentheses  only  when  reactions  were  vari¬ 
able  within  a  group.  FT  =  fresh  tissue;  SE=saline  extract  of  placentae;  10=estrone;  P  =  pro- 
gesterone. 

Experiment  4- — Comhhied  Luteotropie  and  Mammotropie  Effeeis  of  Rat 
Placenta 

Since  the  previous  experiments  had  shown  both  luteotropie  and  mammotropie  ac¬ 
tivity  in  the  rat  placenta  an  experiment  was  performed  showing  both  of  these  activities 
in  the  same  animal.  The  test  animal  was  a  mature,  adult  virgin  rat  hypophysectomized 
only,  and  Injected  for  6-10  days  with  placenta  in  some  cases  and  placenta  plus  estrone 
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Tablk  3.  Effect  of  injections  of  rat  placentae  with  and  withoct  estrone 

ON  THE  MAMMARY  GLANDS  OF  H VPOPHY8ECTOMIZED  FEMALE  RATS 


Rats 

Placentae 
per  day 

Estrone 

No.  of 
days 

Body  wt. 
change 

Mammary 

glands 

4 

1 

12-day 

1  MK- 

6 

-22  i 

LAI 

5 

1 

12-day 

1  Mg- 

10 

-28 

LAI 

2 

2 

12-day 

1  Mg- 

10 

-27 

LAI 

3 

3 

12-day 

1  Mg- 

10 

-22 

/LAI  (2) 

\LA2  (1) 

2 

2 

1 2-dav 

_ 

10 

-18 

DAB 

4 

3 

12-daV 

— 

10 

-15 

/DAB  (3) 

\LA1  (1) 

4 

5 

1 2-day 

I  10 

-12 

fDAB(l) 

'  ILAl  (3) 

Abbreviations  as  in  Table  2. 


in  others.  The  intention  was  to  stimulate  the  production  of  an  equivalent  of  approxi¬ 
mately  4  mg.  of  progestin  (as  used  in  the  last  experiment)  by  the  rat’s  ovaries.  If  this 
induced  L-A  mammary  growth  similar  to  that  obtained  on  the  doubly-operated  rats 
with  estrone  and  progesterone  and  placentae,  further  support  would  be  obtained  for  a 
dual  function  or  nature  of  this  hormone. 

As  may  be  seen  in  Table  3,  all  of  the  14  rats  injected  for  6  or  10  days  with 
1  /xg.  of  estrone  and  from  one  to  three  12-day  placentae  showed  L-A  growth 
(Fig.  5).  Of  the  10  rats  injected  only  with  placentae,  one  rat  at  the  3 
placentae  and  three  at  the  5  placentae  daily  levels  showed  1-l-L-A 
growth.  When  these  results  were  obtained,  3  hypophysectomized-oopho- 
rectomized  rats  were  injected  with  ten  12-day  placentae  daily  for  10  days; 
and  2  of  3  showed  L-A  growth,  one  being  l-b  and  the  other  3-|-.  The 
average  body  weight  loss  was  13  gm. 

Experiment  5. — Lactogenic  Effects  of  Rat  Placenta} 

The  fourth  activity  for  which  the  rat  placenta  was  tested  in  comparison  with  pituitary 
MH  was  that  of  milk  secretion.  For  this  purpose  8  hypophj’sectomized-oophorectomized, 
adult  virgin  rats  were  injected  with  1  fig.  of  estrone,  4  mg.  of  progesterone,  2  mg.  of 
pituitary  MH  and  0.2  mg.  of  STH  dailj'  for  one  week.  During  the  following  week  they 
were  injected  as  follows:  two  with  five  12-day  placentae;  2  with  five  12-day  placentae 
plus  1  mg.  hydrocortisone  acetate  (F);  2  with  1  mg.  F  alone;  2  with  five  12-day  placentae 
plus  1  mg.  F  plus  0.5  mg.  STH.  On  the  day  after  the  last  injection,  the  mammary  glands 
were  inspected  for  milk  secretion;  and  spreads  were  made  in  the  usual  way  for  micro¬ 
scopic  study. 

In  Table  4  may  be  seen  the  body  weight  change  at  the  end  of  the  injec¬ 
tion  period,  and  arbitrary  assessments  of  the  degree  of  mammary  develop¬ 
ment  and  milk  accumulation.  The  first  week  of  treatment  induced  L-A 

*  Before  developing  a  test  for  lactogenesis  in  the  rat,  resort  had  been  made  to  the  vir¬ 
gin  guinea  pig  assay  (Lyons,  1941).  In  6  tests  a  total  dose  of  sixteen  12-day  placentae 
gave  negative  results  in  all;  in  4  tests,  24  placentae  were  positive  in  3;  in  5  tests,  32  pla¬ 
centae  were  positive  in  3. 


April,  19o~) 


PLACKNTAL  MA.MMOTROPIN 


365 


Table  4.  SHOwiN(i  different  combinations  of  hormones  that  stimulate 

MAMMARY  DEVELOPMENT  AND  LACTATION 


Kxper.  5 


First  phase 


Second  phase 


Rat 

Estrone 

Pro- 

Rest. 

MH 

STH 

Plac. 

Plac. 

F 

STH 

Body 

wt. 

change 

Mam¬ 

mary 

gland 

Lacta¬ 

tion 

95 

1  MK, 

4  mg. 

2  niR. 

0.2  mg. 

_ 

5 

I  mg. 

0.5  mg. 

-  6 

LA  2 

2-1- 

39 

1  m8- 

4  mR. 

2  mg. 

0.2  mg. 

_ 

5 

I  mg. 

0.5  mg. 

-13 

LA  2 

2-1- 

74 

I  Ilf. 

4  inR. 

2  mg. 

0.2  mg. 

— 

5 

1  mg. 

— 

-19 

LA  1 

1-t- 

12 

I  Ilf. 

4  mg. 

2  mg. 

0.2  mg. 

— 

5 

1  mg. 

— 

-II 

LA  0.75 

H- 

64 

1  Ilf. 

4  mg. 

2  mg. 

0.2  mg. 

— 

5 

_ 

_ 

-1-10 

LA  0.75 

0 

42 

1  MR. 

4  mg. 

2  mg. 

0.2  mg. 

— 

5 

— 

— 

+  6 

LA  0.25 

0 

08 

1  MR. 

4  mg. 

2  mg. 

0.2  mg. 

_ 

5 

_ 

_ 

-26 

LA  0.25 

0 

86 

1  MR, 

4  mg. 

2  mg. 

0.2  mg. 

— 

5 

— 

— 

-19 

LA  0.25 

0 

Kxper.  6 

65 

1  MR, 

4  mg. 

— 

— 

4 

6 

_ 

_ 

-20 

LA  1.5 

0 

81 

I  MR, 

4  mg. 

“ 

— 

4 

6 

— 

— 

-40 

LA  2 

1-f 

29 

1  MR, 

4  mg. 

— 

— 

4 

6 

I  mg. 

— 

-30 

LA  3 

2-1- 

71 

I  MR, 

4  mg. 

— 

4 

6 

I  mg. 

— 

-30 

LA  3 

2-1- 

54 

1  MR, 

4  mg. 

— 

4 

6 

1  mg. 

— 

-29 

LA  3.5 

2-1- 

98 

1  MR, 

4  mg. 

— 

— 

4 

6 

I  nig. 

0.5  mg. 

-22 

LA  3.5 

3-1- 

84 

1  MR, 

4  mg. 

— 

— 

4 

6 

I  mg. 

0.5  mg. 

-19 

LA  2.5 

3-1- 

97 

I  MR, 

4  mg. 

— 

— 

4 

6 

I  mg. 

0.5  mg. 

-19 

LA  3.5 

3-1- 

Note:  In  Experiment  5,  phase  I  =7  days,  and  phase  2  =7  days. 
In  Experiment  6,  phase  I  =6  days,  and  phase  2  =4  days. 


growth  in  all  of  the  rats.  Those  treated  only  with  F  during  the  second  week 
showed  mammary  regression  and  no  milk  (Fig.  6).  Placental  extract  plus 
F  in  the  second  week  maintained  the  gland  and  induced  beginning  milk 
.secretion.  When  STH  was  injected  as  well  as  these  two  substances  the 
glands  showed  more  distension  with  milk.  Placental  extract  alone  during 
the  second  week  caused  no  gross  lactation ;  but  signs  of  beginning  secretory 
activity  were  observed  microscopically  in  the  glands  of  one  rat. 

Experiment  6. — Combined  Mammotropic  and  Lactogenic  Effects  of  Rat 
Placenta 

In  this  experiment  2%  butanol  extracts  of  the  “fetal”  part  of  12-day  rat  placentae 
were  used  in  both  the  developmental  and  secretory  phases.  After  hypophy.sectomy  and 
oophorectomy  the  rats  were  prepared  for  6  days  with  1  pg.  of  estrone,  4  mg.  of  proges¬ 
terone  and  4  placental  equivalents  daily.  Aside  from  controls  used  to  show  adequate 
stimulation  after  6  days  of  treatment  (Fig.  7),  and  untreated  controls  that  have  been 
repeated  many  times  and  shown  to  have  atrophic  glands,  there  were  8  rats  in  which  the 
treatment  was  continued  as  follows  for  four  days:  2  were  injected  with  6  placentae;  3 
with  6  placentae  plus  1  mg.  of  F;  3  with  6  placentae  plus  1  mg.  of  F  and  0.5  mg.  of  STH. 
Inspection  and  grading  of  the  mammary  glands  was  done  as  before. 

The  results  are  also  listed  in  Table  4  and  show  that  the  4  placentae 
synergized  well  with  estrone  and  progesterone  in  inducing  good  L-A 
growth  in  6  days;  and  that  after  discontinuing  the  injections  of  estrone 
and  progesterone,  further  administration  of  the  same  placental  extract 
induced  beginning  milk  secretion  in  4  days  (Fig.  8).  The  rats  injected  with 
placenta  plus  F  showed  good  milk  secretion  (Fig.  9);  and  those  that  also 
received  STH  showed  the  greatest  engorgement  with  milk  (Fig.  10).  The 
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Mammary  areas  representing  the  first  right  inguinal  gland.  Spreads  were  fixed  in 
formol,  stained  in  alum  carmine  and  embedded  in  plastic.  Figures  9  and  10  are  0.1  mm. 
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animals  showed  the  usual  post-operative  weight  loss,  especially  during  the 
first  6  days.  Thereafter  only  2  (in  the  STH  group)  gained  weight;  the  dose 
of  1  mg.  of  F  being  excessive,  was  only  partially  compensated  for  in  the 
STH  animals. 

Experiment  7. — Assay  of  Different  Regions  of  the  Placenta  for  Mammo- 
tropic  Activity 

In  a  further  attempt  to  localize  the  tissue  concerned  with  the  secretion  or  storage 
of  the  mammotropic  activity,  different  regions  of  the  12-day  rat  placentae  were  isolated, 
stored  in  2%  butanol,  homogenized  and  tested  separately  in  the  form  of  a  suspension. 
The  decidua  basalis,  as  isolated,  was  found  to  be  composed  largely  of  glycogen  laden 
decidual  cells.  Histologic  sections  of  typical  sj)ecimens  also  revealed  a  few  penetrating 
trophoblastic  elements  including  giant  cells.  This  was  due  to  imperfect  separation 
from  the  Trager. 

This  otherwise  discrete  button  of  tissue  weighs  approximately  50  mg.  at  this  stage  of 
gestation;  and  was  previously  shown  to  have  no  more  luteotropic  activity  than  the 
condiined  Trager  plus  the  decidua  capsularis  with  as.sociated  yolk  sac  and  trophoblastic 
cells  which  weigh  10-15  mg.  The  one  region  almost  entirely  maternal  and  the  other 
fetal  for  the  mo.st  part,  were  as.sayed  separately  for  mammotropic  activity,  using  adult 
hyi)ophysectomized-o6phorectomized  rats  treated  concurrently  with  1  /ig.  of  estrone 
and  4  mg.  of  j)rogesterone.  After  10  daily  treatments  the  mammary  glands  were  examined 
for  evidence  of  lobulo-alveolar  development. 

A  further  step  was  taken  when  it  was  learned  that  the  “fetal”  placenta  was  more 
potent  than  the  maternal.  The  “fetal”  part  was  separated  into:  (1)  The  Triiger  plus 


celloidin  sections.  About  3  of  the  gland  is  shown  in  most  cases  and  magnified  4^X. 

Fig.  1.  From  a  normal  rat  injected  daily  with  three  12-day  placentae  for  10  days. 
Lobulo-alveolar  (L-A)  development  as  in  late  pregnancj’. 

Fig.  2.  From  a  normal,  3-month-old,  untreated  virgin  rat.  Ducts,  alveolar  Inids 
and  early  groupings  of  alveoli  jireparatory  to  lobule  formation. 

Fig.  3.  From  a  3-month-old,  virgin  rat,  hypophysectomized,  oophorectomized  and 
untreated  for  10  days.  (Hand  has  regressed  to  a  duct  system. 

Fig.  4.  Same  as  in  Figure  3,  but  treated  with  6  mg.  .MH  daily  for  10  days.  Mainte¬ 
nance  of  ducts  and  alveoli. 

Fig.  5.  Same  as  in  Figure  3,  but  treated  «laily  for  10  ilays  with  1  /ig.  estrone,  and 
three  12-day  rat  iilacentae.  Fair  L-A  growth. 

Fig.  6.  Same,  but  treated  daily  for  7  days  with  1  pg.  estrone,  4  mg.  progesterone,  2 
mg.  MH  and  0.2  mg.  STH.  Then  1  mg.  of  hydrocortisone  acetate  (F)  for  7  days.  (Hand 
regressed  from  L-A  state. 

Fig.  7.  Same  but  treated  daily  for  6  days  with  1  )ug.  estrone,  4  mg.  progesterone  and 
four  12-day  rat  placentae.  Necropsy  1  day  later.  Fair  L-A  growth. 

Fig.  8.  Same  as  in  Figure  7;  but  after  the  same  treatment  for  6  days,  the  rat  was 
injected  daily  for  4  days  with  six  12-day  rat  placentae.  Beginning  lactation  in  a  gland 
with  fair  L-A  development. 

Fig.  9.  Same  as  in  Figure  8  except  that  rat  also  received  1  mg.  F  during  last  4  days. 
This  is  a  0.1  mm.  thick  section  and  shows  fair  lactation  in  a  gland  with  good  lobular 
structure. 

Fig.  10.  Same  as  in  Figure  9  excejit  that  rat  also  received  0.5  mg.  STH  during  last 
4  days.  This  is  also  a  0.1  mm.  section  of  a  thick,  fully  developed  gland  engorged  with 
milk. 
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Tabi.e  5.  Tests  of  the  diffebext  placentai,  keciIons 

FOR  MAMMOTROI’ir  ACTIVITY 


L-A 

mammary 

Series 

No.  of 
rats 

growth 

+  t. 

- 

Controls* 

15 

0 

15 

Whole  Placenta 

15 

•  12 

3 

Decidua  basalis 

15 

5 

10 

Trager  plus 

Decidua  capsularis 

12 

10 

2 

Traeger  region 

Decidua  Capsularis  region 

12 

15 

5 

10 

7 

5 

*  All  rats  were  adult  virgins,  hypophysectomized  and  o^horectomized.  All  received 
daily  s.c.  injections  of  1  Mg-  estrone  plus  4  mg.  progesterone.  The  placental  parts  were  2% 
butanol  suspensions  of  homogenates  and  all  were  given  in  doses  of  3  placental  equivalents. 

t  Most  of  the  positive  mammary  reactions  were  in  the  1  +  range  of  lobular  development. 

the  lower  g  of  the  decidua  capsularis  including  yolk  sac  and  trophoblastic  cells;  and  (2) 
the  upper  §  of  the  decidua  capsularis,  again  with  associated  yolk  sac  endoderm  and  a 
scattering  of  giant  trophoblastic  cells.  Homogenates  were  prepared  from  these  separate 
parts;  and  injections  were  made  into  the  same  test  animal  as  mentioned  above  in  doses 
equivalent  to  3  placentae. 

Table  5  shows  the  results  of  these  tests.  The  mammary  glands  of  the 
rats  receiving  only  estrone  and  progesterone  showed  regression.  All  of 
the  groups  injected  with  the  various  placental  suspensions  as  well  as  es¬ 
trone  and  progesterone  showed  some  evidence  of  mammotropic  activity. 
Probably  the  most  significant  figures  were  those  showing  that  approxi¬ 
mately  the  same  response  was  obtained  with  tissue  from  the  region  listed 
in  Table  5  as  decidua  capsularis  as  from  that  of  the  entire  placenta.  Such 
fragments  weighed  approximately  5  mg.  or  10%  of  the  entire  placental 
weight. 

DISCUSSION 

Since  it  has  been  shown  by  Lyons  (1937)  that  approximate!}"  0.01  /xg- 
of  purified  MH  is  capable  of  eliciting  a  detectable  local  growth  response 
in  the  squab  crop,  it  would  appear  that  the  12-day  rat  placenta  is  not  rich 
in  this  factor;  or  else  substances  capable  of  inhibiting  the  crop  reaction 
were  present  in  the  crude  extracts.  From  our  earlier  work  (Lyons  et  aL, 
1943b)  (Averill  et  aL,  1950)  it  can  be  estimated  that  one  12-day  placenta 
has  the  equivalent  of  0.01  /xg.  of  pituitary  MH  as  determined  by  crop  sac 
stimulating  activity,  but  approximately  2  mg.  of  MH  equivalent  in  terms 
of  luteotropic  activity.  Since  there  has  never  been  any  chemical  separation 
of  crop-stimulating  and  luteotropic  or  mammotropic  activities  in  the  pitui¬ 
tary  entity,  it  seems  likely  that  the  rat  placental  factor  may  be  different 
in  some  respect  from  pituitary  MH.  Canivenc  (1951)  has  also  shown  that 
the  12-day  rat  placenta  implanted  locally  over  the  pigeon  crop  sac  caused 
a  proliferation  of  the  epithelium  qualitatively  comparable  to  that  in¬ 
duced  by  MH.  His  earlier  work  with  Mayer  (Mayer  and  Canivenc,  1950) 
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stressed  some  of  the  similarities  between  the  placental  substance  and 
pituitary  “prolactin.”  One  must  also  be  mindful  of  the  experiments  of 
Lahr  et  al.  (1943)  showing  that  in  relatively  high  doses,  various  non¬ 
specific  substances  applied  locally  to  the  pigeon  crop  sac  caused  prolifera¬ 
tion  comparable  to  that  which  we  are  reporting  for  rat  placenta.  We  have 
confirmed  the  results  of  Dresel  (1935)  with  the  finding  (unpublished) 
that  as  low  a  daily  dose  as  0.1  mg.  of  MH  in  some  mice  and  0.25  mg.  in 
some  rats  may  prevent  the  appearance  of  vaginal  cornification  for  1  or  2 
cycles.  This  test  for  MH  is  an  easy  one  to  perform;  but  a  positive  reaction 
in  a  normal  animal  is  open  to  various  interpretations  (e.g.,  a  substance 
such  as  testosterone  may  induce  the  pituitary  to  secrete  MH  and  give  the 
same  end  result).  However,  in  the  case  of  the  rat  placenta,  its  luteotropic 
activity  was  also  determined  in  hypophysectomized  animals. 

In  Experiment  2  an  attempt  was  made  to  strike  a  correlation  between 
the  effect  of  the  placenta  on  the  estrous  cycle  and  on  the  mammary  gland. 
The  cycle  was  inhibited  presumably  by  over-secretion  of  progestin.  Lobulo- 
alveolar  mammary  growth  in  such  animals  was  thought  to  be  due  to  an 
increase  in  progestin  secretion,  plus  the  action  of  direct  mammary  stimu¬ 
lating  substances  of  the  injected  material  and  of  the  rat’s  pituitary.  These 
results  might  be  explained  on  the  basis  of  a  single  substance  similar  to 
MH  being  formed  in  the  placenta.  This  point  was  explored  in  further  ex¬ 
perimentation.  It  should  be  noted  that  the  effects  on  the  vagina  and  the 
mammary  gland  did  not  always  coincide.  Both  of  these  organs  are  targets 
for  estrin  and  progestin,  but  it  should  be  recalled  that  the  mammary 
gland  requires  other  synergizing  hormones,  one  source  of  which  is  the 
pituitary,  another  being  the  placenta. 

In  an  earlier  experiment  (Lyons,  1950)  it  was  noted  that  hypophysec- 
tomized-oophorectomized  pregnant  rats  maintained  with  estrone  and  pro¬ 
gesterone  showed  good  lobulo-alveolar  mammary  development  at  term. 
It  seemed  likely,  then,  that  the  placenta  provided  a  mammotropic  sub¬ 
stance  or  substances  that  synergized  with  estrone  and  progesterone  in 
much  the  same  way  as  did  MH  and  STH.  This  was  proven  in  Experiment 
3.  Hormonal  activity  was  demonstrable  in  the  placentae  of  rats  on  their 
8th  day  of  gestation;  or  to  use  the  more  common  dating  method,  7  days 
after  the  detection  of  sperm.  As  explained  above  the  term  8-day  placenta 
refers  to  the  time  of  gestation.  If  one  were  to  restrict  the  term  placenta  to 
the  fused  maternal  and  fetal  tissue,  it  would  be  necessary  to  credit  the 
secretion  of  this  mammotropic  substance  to  a  placenta  barely  formed.  It 
seems  likely  that  careful  isolation,  collection  and  testing  of  some  of  the 
earliest  trophoblastic  or  yolk-sac  structures  of  the  pre-implantation  stage 
will  yield  evidence  of  an  early  secretion  of  this  hormone.  The  hypothesis 
of  a  luteotropic  substance  of  blastocystic  origin  to  account  for  a  heightened 
activity  of  corpora  lutea  does  not  exclude  the  likelihood  that  pituitary 
MH  is  also  important  as  a  luteotropin  at  this  stage.  There  are  many  ways 
of  prolonging  the  luteal  phase  in  the  rat  in  the  absence  of  the  blastocyst, 
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but  Experiment  3  showed  that  this  early  tissue  may  act  hormonally,  and 
not  just  as  a  physical  agent  that  “stings”  the  endometrium,  thereby  set¬ 
ting  up  neural  or  indirect  hormonal  stimuli. 

The  12-day  placenta  provided  the  best  tissue  for  this  investigation 
because  of  its  high  potency,  and  because  it  lends  itself  to  easy  dissection 
of  its  separate  parts.  The  older  placentae  showed  some  activity,  but  on  a 
weight  basis  were  considerably  less  potent  than  'the  12-day  placentae. 
There  was  some  indication  that  with  increasing  dosage  of  12-day  placentae 
a  greater  mammotropic  effect  was  obtained.  In  some  of  the  experiments  we 
were  dealing  with  variables  such  as  the  placentae  u.sed  and  the  rats  in 
which  the  mammary  tests  were  read.  Control  of  those  would  require  a 
greater  number  of  animals  per  level.  Using  purified  pituitary  MH  with 
estrone  and  progesterone  in  the  hypophysectomized-oophorectomized  rat 
it  has  been  barely  possible  to  attain  a  H-L-A  mammary  development. 
Such  animals  customarily  lost  weight,  and  were  in  negative  nitrogen 
balance.  When  STH,  in  a  dose  adequate  to  compensate  for  this  deficiency 
was  administered  simultaneously,  the  mammary  growth  was  equivalent  to 
that  of  late  pregnancy.  It  should  be  emphasized,  therefore,  that  many  of 
the  rats  injected  with  the  higher  doses  of  12-day  placenta  and  estrone  and 
progesterone  not  only  lost  le.ss  weight  but  also  showed  better  L-A  growth 
than  one  sees  with  estrone,  progesterone  and  pituitary  MH.  This  suggests 
that  the  placenta  secretes  a  different  MH  than  the  pituitary  or  that  it 
possesses  an  anabolic  hormone  that  imitates  in  some  degree  pituitary  STH. 
Cole  and  Hart  (1938)  and  Hart  and  Cole  (1939)  reported  increased  somatic 
growth  rates  in  rats  during  pregnancy,  pseudopregnancy  and  lactation; 
and  noted  a  concurrent  increase  in  appetite.  As  will  be  shown  later  the 
synergism  of  a  substance  like  STH  with  MH  is  equally  important  in  lacta¬ 
tion. 

One  point  was  clarified  in  Experiment  4  namely,  that  in  the  rat  with 
pituitary  but  not  ov’aries  ablated,  the  placenta  acts  both  as  a  direct  and 
indirect  mammary  stimulator  just  as  the  pituitary  MH  does  (Lyons 
et  al.,  1943b).  A  new  finding  was  that  the  placenta  in  a  large  enough  dose 
could  cause  mammary  growth  in  the  hypophy.sectomized  rat,  without  the 
help  of  added  estrone  or  progesterone.  Apparently  one  placenta  is  sufficient 
to  stimulate  the  ovary  to  form  approximately  a  4  mg.  equivalent  of  pro¬ 
gesterone,  but  5  are  necessary  to  substitute  for  1  /xg.  of  estrone.  The  al¬ 
ternative  explanation  would  be  that  the  5  placentae  contained  a  gonado¬ 
tropic  .substance  comparable  to  the  pituitary’s  FSH-l-ICSH  combination 
found  necessary  in  hypophysectomized  rats  to  stimulate  estrin  .secretion. 
Support  for  the  idea  that  the  12-day  rat  placenta  may  contain  small 
amounts  of  estrogenic  and  progestogenic  substances  as  well  as  mammotro¬ 
pic  activity  was  found  in  a  short  pilot  experiment  that  has  not  as  yet  been 
extended.  This  showed  that  twelve  12-day  placentae  stimulated  1-l-L-A 
growth  in  2  of  3  hypophy.sectomized-oophorectomized  rats. 
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It  has  been  possible  to  demonstrate  lactogenic  activity  in  12-day  rat 
placentae  by  means  of  the  guinea  pig  test.  Due  to  recent  clarification  and 
substantiation  in  the  rat  of  the  Folley  and  Young^  theory  concerning  the 
hormonal  needs  in  lactation,  it  has  also  been  possible  to  show  placental  lac¬ 
togenic  activity  by  employing  a  rat  preparation  currently  in  use  in  this 
laboratory.  After  inducing  prolactational  development  of  the  hypophy- 
sectomized-oophorectomized  rat’s  mammary  gland  with  estrone,  proges¬ 
terone  plus  MH-I-STH  or  rat  placental  extracts  over  a  6-day  period  it  was 
possible  to  cause  milk  secretion  with  placental  extracts,  particularly  when 
hydrocortisone  and  somatotropin  were  administered  concurrently.  The 
latter  two  hormones  alone  or  combined  do  not  initiate  lactation.  Further 
work  is  required  to  demonstrate  what  combination  of  substances  in  the 
placenta  induces  milk  secretion  without  the  aid  of  pituitary  factors. 

In  judging  relative  potencies  of  the  pituitary  and  rat  placental  mammo- 
tropic  (luteotropic  or  lactogenic)  hormones,  difficulty  is  encountered  be¬ 
cause  one  has  been  isolated  as  a  pure  protein,  and  the  other  has  not  been 
characterized  in  any  way  except  by  the  assumption  that  it  is  water  soluble. 
The  activ'e  substance  must  be  highly  concentrated  in  the  “fetal”  placenta 
since  it  has  been  shown  the  unextracted  tissue  is  gravimetrically  almost 
as  potent  as  the  pure  pituitary  MH.  Further  comparisons  will  have  to  await 
the  outcome  of  attempts  to  study  the  placental  hormone  chemically. 

Citations  that  go  back  to  Hippocrates  have  stressed  the  lactation- 
inhibiting  role  of  the  placenta;  and  these  usually  pertain  to  term  placentae 
of  man  and  domestic  animals.  In  all  likelihood  the  content  of  estrin  and 
progestin  determine  the  lactation-inhibiting  action  of  such  placentae  or 
placental  remnants ;  and  over  and  against  these  substances  one  must  place 
the  lactation-inducing  hormones  MH,  STH,  and  ACTH  of  pituitary,  and 
conceivably  of  placental  origin.  The  titers  of  the  activators  versus  the 
antagonists  then  become  the  deciding  factors. 

In  Experiment  6  in  which  estrone,  progesterone  and  placentae  were  used 
for  6  days  to  induce  lobular  development  in  the  hypophysectomized- 
oophorectomized  rats,  there  was  always  a  residue  of  the  oil  in  which  the 
steroids  were  dissolved  at  the  injection  sites  during  the  4  days  of  treatment 
with  placentae  alone,  or  in  combination  with  hydrocortisone  and/'or  STH. 
Rapid  formation  of  milk  in  all  of  the  rats  so  treated  would  indicate  that 
the  inhibitors  may  be  “overridden”;  as  indeed  they  are  in  normal  lactation 
in  rats.  Apparently  the  12-day  placenta  was  sufficiently  potent  in  lacto¬ 
genic  substance (s)  to  override  any  inhibitor  hormones  as  shown  in  rat 
81,  Table  5  (Fig.  8).  It  was  found  that  the  placental  extracts  were  greatly 

®  That  hormones  other  than  the  “classical”  Strieker  and  Grueter  (1928)  mammary- 
stimulating  substance  (MH)  deserve  the  term  lactogenic  or  galactopoietic  has  been  con¬ 
tended  by  Folley  and  co-workers  for  some  time  (Folley  and  Young,  1941).  They  believed 
that  ACTH  and  STH  were  also  important  in  lactation;  and  their  contentions  have  been 
sustained. 
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helped  by  a  small  dose  of  adrenal  steroid ;  and  in  this  regard  it  should  be 
stated  that  no  evidence  for  an  ACTH-like  hormone  in  rat  placenta  as 
judged  by  adrenal  weight  change  was  found  in  our  experiments.  Howevei  , 
this  is  not  sufficient  evidence  to  rule  out  a  placental  ACTH.  The  possibility 
also  remains  that  such  placentae  may  possess  adrenocorticoid  activities 
similar  to  those  found  in  human  and  equine  placentae  by  Pearlman  and 
Cerceo  (1952)  and  Johnson  and  Haines  (1952).  Po.ssession  by  the  rat 
placenta  of  a  combination  of  substances  similar  in  actions  to  pituitary  MH 
and  STH  and  either  ACTH  or  an  adrenocorticoid  would  seem  to  be  the 
best  explanation  for  this  organ  in  itself  being  lactogenic.  This  would  also 
be  useful  in  explaining  the  observations  of  Selye  et  al.  (1933)  and  Newton 
and  Beck  (1939)  in  mice  and  rats,  which,  after  having  been  hypophysec- 
tomized  at  mid-pregnancy,  carried  their  fetuses  to  term,  delivered  them 
and  secreted  milk. 

The  problem  of  determining  the  number  of  rat  placental  hormones  that 
synergize  in  mammary  stimulation  remains  a  difficult  one.  The  cell  re¬ 
sponsible  for  the  secretion  of  the  MH-like  substance  is  not  known;  but 
the  evidence  is  presumptiv'ely  in  favor  of  the  giant  trophoblast  cells. 
Mayer  and  Canivenc  (1950)  showed  that  rat  placental  autografts  with 
prominent  large  trophoblastic  cells  were  responsible  for  luteotropic, 
mammotropic  and  lactogenic  effects. 

SUMMARY 

The  rat  placenta,  at  an  early  stage  of  development  contains  a  substance, 
(or  .substances)  with  luteotropic,  mammotropic,  lactogenic,  and  crop  sac- 
stimulating  activities.  Compared  to  pituitary  mammotropin  (prolactin), 
it  is  potent  in  the  first  three  of  these  activities  and  weak  in  the  last. 

Luteotropic  activity  was  shown  by  inducing  a  prolonged  luteal  phase  in 
the  rat  ov'ary  and  thus  inhil)iting  the  estrus  cycle.  It  was  also  shown  by 
injecting  estrone  plus  placenta  into  hypophysectomized  rats  to  demonstrate 
growth  changes  in  the  mammary  gland  that  may  only  be  induced  other¬ 
wise  by  pituitary  MH  plus  estrin  and  progestin.  This  was  also  evidence 
for  mammotropic  (direct  mammary  stimulating)  activity;  but  the  animal 
preparation  used  more  extensively  for  this  purpose  was  the  hypophysec- 
tomized-oophorectomized  rat  given  estrone,  progesterone  and  placenta. 

Placental  lactogenic  activity  was  demonstrated  in  hypophysectomized- 
oophorectomized  rats  injected  with  estrone,  progesterone  and  placenta  to 
induce  mammary  growth  and  then  with  placenta  with  or  without  hydro¬ 
cortisone.  A  better  lactogenic  combination  was  placenta  plus  hydrocorti¬ 
sone  and  pituitary  somatotropin. 

By  using  the  highly  sensitive  local  test  it  was  possible  to  demonstrate 
crop  sac  stimulating  activity  in  the  equivalent  of  a  single  12-day  rat  pla¬ 
centa. 

Three  parts  of  the  12-day  rat  placenta  were  tested  separately  for 
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mammotropic  activities.  All  were  active;  but  fragments  of  the  decidua 
capsularis  were  especially  potent.  Wet  weight  equivalents  of  this  tissue 
approximating  5  mg.  showed  activity  corresponding  to  that  of  about  2  mg. 
of  the  purified  pituitary  mammotropin. 
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CHANGES  IN  THE  GONADOTROPHS  OF  THE  RAT 
PITUITARY  AFTER  GONADECTOIVIY 


H.  D.  PURVES  AND  W.  E.  GRIESBACH 

Endocrinology  Research  Department  of  the  Medical  Research  Council 
of  Xew  Zealand,  Medical  School,  Dunedin,  New  Zealand 

IN  A  preceding  paper  (Purves  and  Griesbach,  1954)  evidence  was  pre¬ 
sented  for  the  presence  in  the  anterior  pituitary  of  the  rat  of  two  spe¬ 
cific  types  of  gonadotrophic  basophils.  Of  these,  the  peripherally  situated,  / 
coarsely  granulated  type  appeared  to  be  concerned  with  the  production  of 
FSH,  while  the  central,  finely  granulated  type  was  assumed  to  produce  LH. 

In  this  paper,  observations  on  gonadectomised  rats  will  be  reported,  in 
which  the  resulting  cell  changes  in  the  anterior  pituitary  are  correlated  to 
changes  in  the  gonadotrophic  potency  of  tissue  from  the  same  gland.  It 
will  be  shown  that  the  changes  which  occur  in  the  follicle  stimulating  and 
luteinising  potencies  of  the  glands  within  certain  times  after  gonadectomy, 
are  paralleled  by  characteristic  changes  in  the  two  types  of  gonadotrophic 
basophils.  The  evidence  obtained  by  the.se  observations  supports  the  re¬ 
sults  of  the  preceding  paper. 

MATERIALS  AND  METHODS 

Young  mature  male  and  female  rats  of  a  Wistar  strain  were  gonadectomised  and  kept 
for  varying  times.  The  rats  were  killed  after  10  days,  15  days,  21  days  and  8,  16,  24  and 
48  weeks.  In  each  case  the  completeness  of  gonadectomy  was  verified  by  direct  inspection 
and  the  evidence  of  regression  of  the  uterus  or  the  male  accessories. 

After  removal,  the  pituitaries  were  divided  with  a  razor  blade  into  two  approximate! 3' 
equal  pieces.  One  part  of  the  pituitar3’  was  fixed  in  formal-sublimate  (1:9)  for  histo¬ 
logical  examination.  The  other  part  was  used  for  assa3'  of  the  gonadotrophic  potenc3'. 
In  most  exi)eriments,  two  half  pituitaries  were  combined  for  injection  into  one  test  ani¬ 
mal,  but  in  the  sixteen  and  fortv’-eight  weeks  groups,  one  half  pituitar3'  onb'  was  used  for 
the  assa}’.  The  pituitar}’  tissue  to  be  assa3'ed  was  ground  up  in  a  small  agate  mortar  and 
suspended  in  1  ml.  of  sterile  saline.  This  amount  was  injected  into  littermate  twent3’-one 
da3’  old  female  rats,  in  eight  portions  over  four  days.  On  the  fifth  day,  the  animals  were 
killed  and  the  gonads  examined.  Littermates  were  injected  with  suspensions  of  normal 
male  rat  pituitaries  and  others  were  retained  as  uninjected  controls. 

Histology 

The  pituitaries  were  cut  at  2.5  p  and  5.0  p.  The  sections  were  stained  with  Cross- 
mon’s  modification  of  Mallory’s  triple  stain  (Crossmon,  1937),  for  general  c3'tological 
Information.  The  gb'coprotein  content  of  the  pituitar3’  cells  was  demonstrated  b3'  the 
periodic  acid-Schiff  process  (PAS)  following  the  description  given  in  an  earlier  publica¬ 
tion  (Purves  and  Griesbach,  1951).  The  ovaries  of  the  immature  female  rats  were  exam¬ 
ined  microscopicall}’.  One  ovar}'  of  each  animal  was  sectioned  after  paraffin  embedding. 
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and  stained  with  haematoxylin-eosin,  while  frozen  sections  of  the  other  ovary  were 
stained  for  lipoids  with  oil  red  0.  (The  solution  used  contained  20  mg.  oil  red  0  in  100 
ml.  of  60%  isopropyl  alcohol.  This  solution  did  not  precipitate  when  kept  in  the  incu¬ 
bator  at  37°  C.). 

RESULTS 

In  Table  1,  are  summarised  the  results  of  experiments  in  which  the  go¬ 
nadotrophic  potencies  were  assayed  and  the  cytology  examined  in  separate 
halves  of  the  same  pituitary  glands.  These  results  have  been  supplemented 
by  a  large  number  of  experiments  in  which  gonadotrophic  hormone  assays 
and  parallel  cytological  studies  have  been  made  on  different  pituitaries 
from  groups  of  animals  gonadectomised  at  the  same  time.  The  results  of 
both  types  of  experiment  were  similar,  and  are  combined  in  the  following 
statements: 

Gonadotrophic  potencies 

The  normal  male  pituitary  has  mainly  a  follicle  stimulating  effect.  Only 
occasionally  has  some  luteinising  potency  been  observed.  It  will  be  seen 
that,  10  days  after  gonadectomy,  the  pituitaries  of  both  sexes  had  a  lower 
potency  than  the  normal  male’s  pituitary.  At  15  days,  the  male  castrate’s 
pituitary  was  more  potent  than  that  of  the  normal  male,  but  the  potency 
of  the  female  castrate  was  still  below  that  of  the  normal  male.  At  10  days 
as  well  as  at  15  days  after  gonadectomy,  the  pituitary  extracts  had  a  folli¬ 
cle  stimulating  quality'  only.  At  21  days  the  gonadotrophic  effects  of  the 
pituitaries  of  either  sex  were  equal.  The  ovaries  of  the  rats  injected  with 
extracts  from  21  day  castrate’s  pituitaries  contained  some  corpora  lutea, 
the  main  effect  at  this  stage  still  being  follicle  stimulating.  The  pituitaries 
from  rats  of  both  sexes,  gonadectomised  for  periods  of  8  and  16  weeks, 
showed  the  greatest  effect  on  the  ovarian  weights  observed  in  this  series. 
The  ovaries  consisted  mainly  of  corpora  lutea.  At  24  weeks,  the  test  ovaries 
were  not  as  large  as  those  at  8  and  16  weeks  and  the  number  of  corpora 
lutea  was  reduced.  At  48  weeks,  the  ovaries  contained  no  corpora  lutea  but 
showed  an  increased  number  of  enlarged  follicles. 

Pituitary  cytology 

The  cell  changes  in  the  rat  pituitary  after  gonadectomy  which  have  been 
known  for  50  years  will  be  described  here  under  the  assumption  that,  after 
gonadectomy,  two  independent  types  of  “castration  cells”  come  into  exist¬ 
ence  which  in  our  opinion  are  derived  from  the  two  types  of  gonadotrophs 
described  by  us  in  normal  animals  (Purves  and  Griesbach,  1952,  1954). 
According  to  their  regional  distribution  within  the  anterior  lobe,  they  are 
referred  to  in  this  description,  and  also  in  Figures  1-21,  as  “peripheral”  and 
“central”  cells. 

At  10  days  after  gonadectomy,  the  gonadotrophs  of  both  types  were 
slightly  increased  in  numbers  and  size.  The  peripheral  cells  contained  some 
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Table  1 


Donor  j 

rats  I 

Time 
after 
Konadee- 
tomy  i 

Assay  of  rat 
hormones. 

Mtuitaries  for  gonadotrophic  j 
Response  in  assay  animals  : 

Cytology  of  castrate  rat  pituitaries 

Ovaries  | 

Uterus  1 

1 

FSH  cells  j 

LH  cells 

I 

Weight,  mg.  , 

HistolcHO'  { 

Weight,  mg.  | 

A  j 

Castrate  Males 

10  days 

31.5:36.6 

Follicles  only  | 

j 

71.0;  64.0  I 

i 

Increase  in  size.  Loss  of  gran-  1 
tes  1 

Increase  in  size.  Cells  are  ({uite 
pale 

15  days 

43.6:40.6; 

39.6 

Follicles  only 

97.9;  77.9;  | 
69—9  ! 

Increase  in  numbers  and  size.  ’ 
Stronger  granulation 

Increase  in  numbers.  C.dls  still 
quite  pale 

21  days 

32.4:56.3 

Follicles. 

Some  corpora 
lutea 

98.4;  99.9 

No  further  increase  in  num¬ 
bers 

Large  increase  in  numbers, 
size  and  glycoprotein  content 

8  weeks 

59.4 

Follicles. 

Many  corpora 
lutea 

76.8 

Onset  of  vesiculation.  Some 
typical  signet  ring  cells 

Glycoprotein  storage  round 
golgi  body 

*16  weeks 

50.5;  42.5 

Follielcs. 

Many  corpora 
lutea 

72.0;  88.3 

Vesiculation  prevalent.  Dark, 
coarse  granulation 

Many  vesiculated  cells.  Some 
cells  densely  granulated,  others 
only  lightly  granulated 

24  weeks 

40.5 

Follicles. 

Some  corpora 
lutea 

112.9 

Some  regressive  changes  es¬ 
pecially  in  signet  ring  cells 

.\dvanced  regression.  Loss  of 
glycoprotein  content.  Cyto¬ 
plasmic  vacuolation 

*48  weeks 

44.2:62.5 

Follicles  only 

99.6;  97.5 

Recovery.  Numerous  densely 
granulated  small  cells  in  pe¬ 
riphery.  Few  signet  rings 

Only  remnants  of  cells  and 
vesicles  visible 

B 

Spayed 

Females 

10  days 

24.4;  28.8 

Follicles  only 

37.8; 29.5 

Similar  appearance  to  male 
at  10  days,  but  smaller  num¬ 
ber  of  cells 

Similar  appearance  to  male  at 
10  days,  but  smaller  number 
of  cells 

15  days 

22.0; 29.3; 
31.8 

Follicles  only 

48.5;  54.2; 
59.5 

Similar  appearance  to  male 
at  15  days,  but  smaller  num¬ 
ber  of  cells 

Similar  appearance  to  male  at 
15  days,  but  smaller  number 
of  cells 

21  days 

36.4; 36.7 

Follicles. 

Some  corpora 
lutea 

64. 4;  83.1 

Similar  appearance  and  num¬ 
ber  to  male  at  21  days 

Similar  appearance  and  num¬ 
ber  to  male  at  21  days 

8  weeks 

66.6 

Follicles. 

Many  corpora 
lutea 

75.0 

Similar  appearance  and  num¬ 
ber  to  male  at  8  weeks 

Similar  appearance  and  num¬ 
ber  to  male  at  8  weeks 

*16  weeks 

57.8; 58.0 

Follicles. 

Many  corpora 
lutea 

100.9; 84.7 

Similar  appearance  and  num¬ 
ber  to  male  at  16  weelu 

Similar  appearance  and  num¬ 
ber  to  male  at  16  weeks 

24  weeks 

39.6 

Follicles. 

Some  corpora 
lutea 

85.8 

Similar  appearance  and  num¬ 
ber  to  male  at  24  weeks 

Similar  appearance  and  num¬ 
ber  to  male  at  24  weeks 

*48  weeks 

,  29.3; 45.0 

Follicles  only 

44.2;  99.6 

Similar  appearance  and  num¬ 
ber  to  male  at  48  weeks 

Similar  appearance  and  num¬ 
ber  to  male  at  48  weeks 

c 

Normal  Males 
17  rats 

3-6  months  old 

t36.49 

±1.76 

.  Follicles  only 

i 

t82.06 

±8.35 

D 

Uninjected  As¬ 
say  controls 

13  rats  25  days 
old 

1 

!tl6.71 

±0.46 

1 

Immature 

1 

lt25.53 

j±l.l6 

*  One  half  pituitary  injected  into  aasay  rats, 
t  Mean  and  S.E. 


of  their  characteristic  coarse,  dark  granules,  but  apparently  not  as  many  as 
under  “normal”  conditions  (Fig.  1).  The  central  cells  were  so  poor  in  glyco¬ 
protein  content  that  photography  met  with  difficulties.  Obviously  both 
types  of  cells  were  losing  hormones  at  this  stage  (Figs.  3  and  4). 

At  15  days,  the  pituitaries  of  the  males  showed  a  large  increase  in  strong¬ 
ly  granulated  peripheral  gonadotrophs  which  spread  along  the  portal  ves¬ 
sels  in  great  numbers  (Figs.  5,  7,  and  21b).  The  central  cells,  though  also 
increased  in  numbers,  were  restricted  to  small  patches  in  the  centre  (Figs. 


Dksc'ription  of  Plates 

All  i)lates  are  i)hotomicrosraphs  of  sections  of  rat  pituitaries  stained  by  PAS  and 
haeinatoxylin. 

Fig.  1.  Peripheral  gonadotrophs  of  normal  adult  male  rat  showing  dense  cytoplasmic 
glycoprotein  granules  (P).  X4H0. 

Fig.  2.  Central  gonadotrophs  of  normal  adult  male  rat  showing  a  pale  cytoplasmic 
glycoprotein  reaction  due  to  a  fine,  scanty  granulation  (C).  X480. 

Fig.  3.  Peripheral  gonadotrophs  of  male  rat  10  days  after  castration,  showing  various 
degrees  of  degranulation.  The  remaining  coarse  granules  tend  to  he  concentrated  at  the 
periphery  of  the  cell.  A  “signet-ring”  cell  (S),  which  must  have  been  present  before  cas¬ 
tration,  is  seen  in  the  centre  of  the  field.  X4S(). 

Fig.  4.  Central  gonadotrojihs  of  male  rat  10  da3’s  after  castration.  The  cells  are  en¬ 
larged,  and  the  negative  image  of  the  golgi  body  is  visible.  The  glycoprotein  reaction  is 
still  weak.  X480. 
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6  and  8).  The  gonadotrophs  in  the  female  did  not  show  the  same  increase 
in  numbers. 

At  21  days,  the  peripheral  cells  remained  as  at  15  days,  but  the  central 
cells  showed  a  rise  in  numbers  and  size  (Figs.  9,  10,  and  21c).  Some  of  these 
cells  were  quite  large  and  contained  two  nuclei  and  greatly  enlarged  golgi 
bodies. 

At  8  weeks,  a  few  peripheral  cells  showed  vesiculation  and  formation  of 
“signet  rings,”  with  storage  of  glycoprotein  in  the  periphery.  The  central 
cells,  some  of  which  also  showed  vesicles  at  this  stage,  had  dark  glycopro¬ 
tein  granules  concentrated  around  the  golgi  body  making  the  negative 
image  of  this  structure  especially  conspicuous  at  this  stage  (Figs.  11,  12, 
and  2 Id). 

At  16  weeks,  the  “castration”  changes  had  reached  a  maximum  in  cell 
numbers,  vesiculation  of  both  cell  types,  and  hormone  storage  as  indicated 
by  the  strength  of  the  glycoprotein  reaction  (Figs.  13  and  14).  After  this 
period  a  cell  regression  was  observed  which  was  most  obvious  in  the  central 
cells  but  affected  the  peripheral  cells  also. 

At  24  weeks  many  of  the  peripheral  cells  showed  indistinct  or  irregular 
features  with  loosening  up  of  the  cytoplasmic  structure,  widening  of  the 
intergranular  spaces  and  pyknosis  of  the  nucleus.  In  addition  to  these,  some 
smaller  healthy  looking  cells  of  the  peripheral  type  could  also  be  found  in 
such  sections.  In  the  central  area,  the  numbers  of  typical  central  gonado- 

Fig.  5.  Peripheral  gonadotrophs  of  male  rat  15  days  after  castration,  showing  large 
numbers  of  cells  present,  especially  along  the  portal  vessels  at  the  anterior  border  of  the 
gland.  XI 07. 

Fig.  6.  Central  gonadotrophs  of  male  rat  15  days  after  castration  showing  a  moderate 
increase  in  the  numbers  of  these  cells,  which  become  much  more  numerous  at  a  later 
stage.  X107. 
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Fig.  7.  Same  section  as  Figures  5  and  6.  Peripheral  gonadotrophs  showing  varj’ing 
degrees  of  degranulation.  X480. 

Fig.  8.  Same  section  as  Figures  5  and  6,  showing  central  gonadotrophs.  The  cytoplas¬ 
mic  glycoprotein  reaction  is  still  relatively  weak.  X480. 

Fig.  9.  Field  showing  both  peripheral  and  central  type  of  gonadotroph  cells.  Pituitary 
of  male  rat  21  days  after  castration.  The  appearance  of  the  peripheral  type  (P)  is  similar 
to  that  at  15  days  with  varying  degrees  of  degranulation.  The  granules  are  coarse  and 
darkly  staining.  Two  cells  of  the  central  gonadotrophic  type  (C)  are  adjacent  to  the 
wall  of  the  blood  vessel.  Their  granulation  is  finer  and  palely  stained  and  is  superimposed 
on  the  diffuse  jiink  cytojdasmic  coloration.  X480. 

Fig.  10.  Central  gonadotrophs  of  male  rat  21  days  after  castration.  The  numbers  of 
these  cells  has  increased  markedly  as  compared  with  the  15  day  pituitary.  The  glyco¬ 
protein  reaction  has  also  increased  in  intensity.  Some  binucleate  cells  are  present.  X480. 
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Fig.  11.  Peripheral  gonadotrophs  of  male  rat  8  weeks  after  castration.  Vesioulation 
has  occurred  in  some  of  the  cells  producing  “signet-ring”  cells.  X480. 

Fig.  12.  Central  gonadotrojihs  of  male  rat  8  weeks  after  castration.  In  addition  to  the 
diffuse,  fine,  pink  granulation  there  is  an  accumulation  of  coarser  glycoprotein  granules 
both  within  and  around  the  golgi  body  rendering  the  negative  image  of  the  golgi  more 
conspicuous.  X480. 
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Fig.  13.  Perijilieral  Konadotrojihs  of  male  rat  IG  weeks  after  castration.  A  high  pro¬ 
portion  of  “signet-ring”  cells  is  present.  The  vesiculation  has  enlarged  the  cells  hut  has 
not  j’et  compressed  the  peripheral  cytojilasm,  so  that  at  this  stage  the  “signet-ring”  cells 
are  seen  in  their  most  typical  form  (S).  The  cells  are  uniformly  granulated  with  coarse 
dark  granules.  X480. 

Fig.  14.  Central  gonadotrophs  of  male  rat  IG  weeks  after  castration.  Vesiculation 
leading  to  the  formation  of  “signet-ring”  cells  has  occurred  in  a  proportion  of  the  central 
gonadotrophs  (S).  Both  the  vesiculated  and  non-vesiculated  cells  show  a  varying  in¬ 
tensity  of  glycojirotein  reaction  from  quite  pale  up  to  very  dense  reactions.  There  is  a 
tendenc}’  for  the  glycoprotein  reaction  to  be  strongest  in  and  around  the  golgi  body  and 
for  the  peripheral  cytoplasm  to  be  relativelj*  jiale.  X480. 

trophs  were  much  reduced  and  in  their  place  areas  of  large  degenerating 
pale  cells  could  be  seen,  with  ill  defined  nuclei  and  vacuolated  cytoplasm 
(Figs.  15  and  16). 

At  48  weeks  the  peripheral  cells  were  present  in  a  variety  of  size  and 
activity,  and  an  impression  was  gained  that  a  regeneration  of  this  cell  type 
had  taken  place.  In  contrast,  the  centre  contained  some  small  pink  cells 
and  hyaline  masses  representing  remnants  of  former  signet  ring  cells  (Figs. 
17,  18,  and  21e).  Eighteen  months  after  gonadectomy  we  found  similar 
changes  which  had  advanced  even  further  towards  annihilation  of  the  cen¬ 
tral  type  (Figs.  19  and  20). 

Correlation  between  gonadotrophic  potencies  and  cytological  changes 

It  was  noticed  that,  after  gonadectomy,  changes  in  the  anterior  pituitary 
of  the  rat  take  place  which  are  progressiv'e  and  reach  a  static  stage  after 
approximately  one  year.  These  changes  concern  the  quantity  and  quality 
of  the  gonadotrophic  potency  as  well  as  those  of  the  gonadotrophic  baso¬ 
phil  cells.  We  have  concluded  that  a  correlation  exists  between  the  prevail¬ 
ing  gonadotrophic  quality  at  a  certain  time  after  gonadectomy,  and  the 
basophil  cell  type  which  is  dominant  at  the  same  time.  For  the  first  2  weeks 
after  gonadectomy  the  pituitaries  contain  mainly  FSH.  At  this  time  most 
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Fig.  15.  Peripheral  K<»iii<*<>trophs  of  mule  rat  24  weeks  after  castration.  There  is  a 
marked  regression  in  both  numbers  and  size  compared  with  the  jiicture  at  10  weeks.  The 
“signet-ring”  cells  show  a  thinning  of  the  cytoplasmic  wall  of  the  vesicle.  Some  cells  .seem 
to  be  losing  their  granulation.  X480. 

Fig.  10.  Central  gonadotrophs  of  female  rat  24  weeks  after  castration.  There  has  been 
a  reduction  in  both  size  and  glycoprotein  content  of  these  cells  since  the  10  week  jieriod. 
Some  cells  can  be  seen  which  have  lost  almost  all  their  glycoprotein,  others  still  retain 
glycoprotein  but  are  reduced  in  size.  X4S0. 

of  the  increased  basophils  are  of  the  peripheral  type.  From  3  to  24  weeks, 
the  pituitaries  hav’e  strongly  luteinising  properties  which  show  a  maximum 
between  8  and  10  weeks  and  decline  slowly  later  on.  During  this  period  the 


Fig.  17.  Pituitary  of  male  rat  48  weeks  after  castration.  The  jieripheral  gonadotrophs 
are  small  aiul  inactive-looking,  but  are  present  in  large  numbers  and  have  a  strong  glyco¬ 
protein  granulation.  ^lost  of  these  cells  are  not  vesiculated,  a  few  remnants  of  vesicu- 
lated  cells  which  have  lost  almost  all  their  cytojilasm  being  juesent.  X480. 

Fig.  18.  Central  gonadotrophs  of  male  rat  48  weeks  after  castration.  There  has  been 
an  almost  complete  regression  of  this  type  of  cell.  Such  as  are  still  visible  show  only  a 
faint  jiink  glycoprotein  reaction.  Remnants  of  former  vesiculated  cells  persist,  with  only 
scanty  cj  toplasm  and  weak  gb'coprotein  reaction.  X480. 
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Fig.  19.  Periplieral  gonadotrophs  of  male  rat  18  months  after  castration.  Small  in¬ 
active-looking  gonadotrophs  with  strong  glycoprotein  granulation  are  present  in  con¬ 
siderable  numbers,  with  a  few  “signet-ring”  cell  remnants  with  scanty  cytojilasm  persist¬ 
ing.  X480. 

Fig.  20.  Central  gonadotrophs  of  male  rat  18  months  after  castration.  The  degenera¬ 
tion  of  this  type  of  cell  is  at  this  time  comjilete.  The  only  signs  of  their  former  presence 
is  given  by  some  large  vesicles  considered  to  he  the  remnants  of  former  “signet-ring” 
cells  and  some  small  pale  cells  with  pyknotic  nuclei  (C).  The  darkly  granulated  cells 
visible  in  this  field  are  peripheral  type  gonadotrophs  (P),  the  field  having  been  chosen 
from  the  region  in  which  the  distributions  of  the  two  types  overlap.  X480. 

overwhelming  majority  of  basophils  are  of  the  central  type,  which  at  this 
time  have  their  maximum  size  and  glycoprotein  content.  At  a  later  stage, 
about  12  to  18  months  after  gonadectomy,  when  the  pituitary  gonadotro¬ 
phic  potency  is  follicle  stimulating,  the  basophil  cells  are  overwhelmingly 
of  the  peripheral  type.  The  central  cells  have  degenerated  and  only  rem¬ 
nants  of  these  cells  can  be  found. 

We  conclude  that  the  presence  of  the  central  cell  type  is  linked  with  the 
presence  of  luteinising  hormone,  while  the  peripheral  cells  are  responsible 
for  the  follicle  stimulating  effect. 

DISCUSSION 

Large  cells  of  abnormal  appearance  in  the  pituitary  of  the  castrate  rat 
were  apparently  first  observed  by  Zacherl  (1913)  who  interpreted  these 
cells  as  being  transformed  acidophils.  Schleidt  (1914)  coined  the  term  “sig¬ 
net  ring  cell”  to  describe  the  vacuolated  castration  cell  in  the  rat  pituitary. 
Addison  (1917)  found  that  the  castration  cells  in  the  rat  were  enlarged 
basophils  and  the  basophil  nature  of  castration  cells  has  been  recognised  by 
most  subsequent  investigators.  The  presence  of  glycoprotein  in  castration 
cells  in  the  rat  was  first  demonstrated  by  Catchpole  (1949). 

There  is  evidence  that  earlier  observers  have  observed  the  characteristic 
difference  in  granulation  in  the  two  specific  types  of  castration  cell.  Addi¬ 
son  (1917)  observed  in  rats,  seven  months  after  castration,  among  non- 
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NORMAL  MALE 


15  DAY  CASTRATE 


21  DAY  CASTRATE 
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Fig.  21  a-e.  Diagram  showing  the  relative  numbers  and  the  distribution  of  the  two 
types  of  gonadotrophs  at  varying  times  after  castration.  The  gonadotrophic  qualities 
preponderant  at  the  same  time  intervals  have  been  indicated. 

vacuolated  basophils  two  varieties,  some  coarsely  granulated,  others  finely 
granulated.  The  same  two  varieties  were  observed  by  him  in  the  normal 
male  rat.  Se^eringhaus  (1933)  also  recognised  a  variation  of  granulation  in 
the  basophils  of  the  rat  pituitary,  some  being  finely  granulated,  some 
coarsely  granulated  and  some  floccularly  granulated.  The  fact  that  baso¬ 
phil  cells  with  different  types  of  granulation  are  differently  distributed 
within  the  anterior  lobe  does  not  seem  to  have  been  recognised  by  these 
workers. 

Recently  Farquhar  and  Rinehart  (1954),  by  means  of  electron  micro¬ 
scope  studies,  have  revealed  many  details  of  the  structure  of  the  basophil 
cells  of  the  rat  pituitary  which  cannot  be  visualised  by  ordinary  micro¬ 
scopic  techniques.  They  find  that  the  castration  cells  of  the  rat  pituitary 
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may  lie  div'ided  into  two  distinct  types,  and  consider  tliat  these  probably 
represent  the  two  types  of  gonadotrophic  basophil  which  we  have  de¬ 
scribed. 

The  acidophil  cells  appear  to  undergo  a  decrease  in  size  and  numbers 
after  castration  in  the  rat  (Sev’eringhaus,  1933).  There  is,  therefore,  no  cor¬ 
relation  between  the  acidophil  cells  and  the  increased  potency  of  the  pitui¬ 
tary  in  gonadotrophic  hormones. 

The  hyaline  material  which  appears  in  the  vesicles  of  a  proportion  of  the 
castration  basophils  and  transforms  them  into  “signet  rings,”  is  of  un¬ 
known  significance.  Signet  ring  forms  appear  only  8  weeks  after  castration, 
by  which  time  the  increased  gonadotrophic  potency  and  the  strongly  lu- 
teinising  quality  is  already  marked.  The  further  accumulation  of  a  substance 
within  signet  ring  cells  which  continues  for  another  4  months,  is  not  paral¬ 
leled  by  any  increase  in  either  follicle  stimulating  or  luteinising  potency. 
The  hyaline  substance  does  not,  therefore,  appear  to  be  gonadotrophin. 
This  is  in  accordance  with  the  absence  of  a  glycoprotein  reaction,  as  de¬ 
scribed  by  Pearse  (1953).  The  changes  in  gonadotrophic  potency  occurring 
in  the  rat  pituitary  after  castration  are,  therefore,  to  be  correlated  with  the 
intensity  of  the  cytoplasmic  glycoprotein  reaction  in  specific  gonadotrophin 
producing  cells. 

Hellbaum  and  Greep  (1940)  have  extensively  investigated  the  changes  in 
gonadotrophic  potency  in  the  male  rat  pituitary  after  castration.  Their  re¬ 
sults  with  the  assay  of  the  pituitaries  of  male  rats  castrated  as  adults  are 
closely  paralleled  by  our  own  results.  The  initial  depression  of  gonadotro¬ 
phic  potency  at  ten  days  is  evident  in  their  results.  In  their  experiments, 
luteinisation  of  test  ovaries  was  produced  in  a  proportion  of  the  responses 
after  15  days  castration,  whereas  in  our  animals  this  response  was  not  ob¬ 
served  until  21  days  post-castration.  After  20  days  and  up  to  9  months  fol¬ 
lowing  castration  the  pituitaries  invariably  induce  the  formation  of  corpora 
lutea  in  hypophysectomised  recipients  in  Hellbaum  and  Creep’s  experi¬ 
ments;  in  normal  recipients  this  luteinising  ability  appeared  to  persist  for 
some  longer  post-castration  interval.  The  luteinising  ability  then  disap¬ 
peared,  and  only  a  follicle  stimulating  effect  was  obtained.  Our  own  results 
are  similar  to  these.  As  Hellbaum  and  Greep  have  shown,  the  rate  of  pro¬ 
gression  of  the  changes  in  the  pituitary  gonadotrophic  complex  through  a 
strongly  luteinising  phase  to  a  purely  follicle  stimulating  content  depends 
upon  the  age  at  which  the  castration  is  performed. 

Although  all  our  assays  have  been  performed  on  non-hypophysecto- 
mised  immature  female  rats,  the  results  of  Hellbaum  and  Greep  with  paral¬ 
lel  assays  on  hypophysectomised  and  non-hypophysectomised  recipients 
appear  to  establish  the  validity  of  the  use  of  non-hypophysectomised  ani¬ 
mals  for  the  demonstration  of  changes  in  the  gonadotrophic  complex  after 
castration. 

The  lower  gonadotrophic  potency  of  the  mature  female  rat  pituitary  has 
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long  l)een  known.  In  our  assays  of  the  ovariectomised  mature  female  rat 
pituitary,  the  lower  gonadotrophic  potency  of  the  female  as  compared  with 
the  male  appeared  to  persist  for  about  15  days.  Thereafter  there  did  not 
seem  to  be  any  quantitative  or  qualitative  differences  in  the  gonadotrophic 
effects  produced  by  pituitaries  of  ovariectomised  females  compared  with 
castrate  males. 

The  correlation  of  the  changes  in  gonadotrophic  potency  with  variations 
in  the  glycoprotein  content  of  the  two  gonadotrophic  cell  types  is  in  ac¬ 
cordance  with  the  view  previously  expressed  that  the  peripheral  gonado¬ 
trophic  cell  type  is  responsible  for  the  secretion  of  follicle  stimulating  hor¬ 
mone  only,  while  the  central  gonadotrophic  type  is  responsible  for  the  lu- 
teinising  hormone.  The  normal  adult  male  pituitary  is  predominantly  fol¬ 
licle  stimulating,  although  it  occasionally  produced  luteinisation  of  test  ani¬ 
mals’  ovaries.  The  deep  staining  of  the  granules  of  the  peripheral  gonado¬ 
trophs  by  the  PAS  method  for  glycoprotein  is  in  accordance  with  this  pre¬ 
dominantly  follicle  stimulating  action.  On  the  other  hand,  the  central  go¬ 
nadotrophs  give  only  a  pale  pink  coloration  with  the  PAS  staining.  This 
coloration  is  easily  masked  by  counterstaining  if  too  strong  a  nuclear  stain 
is  used,  and  this  accounts  for  the  presence  of  this  type  in  normal  pituitaries 
being  previously  overlooked. 

The  immediate  fall  in  gonadotrophic  potency  after  castration  is  revealed 
histochemically  as  a  weak  granulation  of  the  peripheral  gonadotrophs,  pre¬ 
sumably  the  result  of  rapid  discharge  of  follicle  stimulating  hormone. 

The  great  increase  in  potency  which  occurs  from  about  21  days  up  to  4 
months  after  castration  is  seen  to  be  due  to  the  formation  and  activation  of 
large  numbers  of  gonadotrophs  of  both  types  and  to  an  increasing  accumu¬ 
lation  of  glycoprotein  within  their  cytoplasm.  The  glycoprotein  of  the  cen¬ 
tral  gonadotrophic  type  is  increased  much  more,  relative  to  the  normal 
state,  than  that  of  the  peripheral  type  since  there  is  not  only  a  vast  increase 
in  the  numbers  of  this  type  of  cell  containing  glycoprotein,  but  also  a  strik¬ 
ingly  increased  depth  of  glycoprotein  reaction  in  these  cells  which  in  the 
normal  state  give  only  a  weak  reaction.  In  this  way,  the  predominantly 
luteinising  action  of  the  fully  developed  castration  pituitary  is  explainable. 

SUMMARY 

Pituitaries  of  rats,  gonadectomised  for  varying  lengths  of  time,  have 
been  examined  for  their  gonadotrophic  potencies  and  for  their  histological 
changes. 

As  described  by  earlier  workers,  a  progressive  change  in  the  quality  of 
the  gonadotrophic  complex  takes  place,  which  during  the  first  15  days  is 
predominantly  follicle  stimulating,  then  passes  through  a  luteinising  phase 
for  approximately  9  months  and  is  once  more  follicle  stimulating  from  then 
on. 

The  basophils,  appearing  in  large  numbers  in  the  anterior  pituitary  after 
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gonadectomy,  may,  on  the  basis  of  their  glycoprotein  content  and  their 
localisation  within  the  pituitary,  be  divided  into  two  independent  groups 
which  correspond  to  the  peripheral  and  central  types  described  in  the  nor¬ 
mal  rat. 

There  is  a  progressive  change  in  the  preponderance  of  either  of  these  two 
cell  types  after  gonadectomy,  which  closely  parallels  the  qualitative  change 
in  the  gonadotrophic  potency.  The  largest  number  of  central  cells  is  present 
during  the  luteinising  phase,  while  the  peripheral  cells  are  representative 
of  the  follicle  stimulating  phase.  It  is  suggested  that  the  peripheral  cells 
produce  the  follicle  stimulating  hormone,  while  the  central  cells  are  respon¬ 
sible  for  the  luteinising  hormone. 
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ROLE  OF  IODINE  DEFICIENCY  IN  THE 
PRODUCTION  OF  GOITER  BY  THE 
REMINGTON  DIET 


A.  A.  AXELRAD',  C.  P.  LEBLOND  axd  H.  ISLER^ 

Department  of  Anatomy,  McGill  I'niversity,  Montreal,  Canada 

OVER  a  hundred  years  ago  Prevost  (1830)  suggested  that  a  deficiency 
of  iodine  was  responsible  for  goiter.  This  hypothesis  has  since  been 
supported  liy  the  following  pieces  of  evidence;  1)  in  many  areas  where  the 
incidence  of  goiter  is  high,  the  iodine  content  of  the  soil,  food  and  drinking 
water  is  low^;  2)  the  daily  output  of  iodine  in  the  urine  of  individuals  resid¬ 
ing  in  such  areas  is  also  low  and,  since  these  people  may  be  considered  to 
be  in  balance  with  their  environment  as  regards  iodine,  it  follows  that  their 
iodine  intake  also  is  low  (von  Fellenberg,  1923-1930;  Lunde,  1928;  Stan- 
bury  ei  al.,  1952);  3)  the  thyroid  glands  of  individuals  in  goiter  districts 
usually  hav’e  a  low  iodine  concent ratioid  and  an  increased  avidity  for 
iodine  (Stanbury  et  aL,  1952);  4)  the  administration  of  iodine  in  small 
amounts  reduces  the  incidence  of  endemic  goiter  in  men  and  animals.® 
Experimental  evidence  in  support  of  the  iodine  deficiency  hypothesis  of 
goiter  was  obtained  by  Remington  and  his  collaborators  (1936,  1937b). 
They  found  that  goiter  could  be  readily  produced  by  feeding  rats  on  a  low 
iodine  diet.  The  size  of  the  thyroid  was  inversely  related  to  the  amount  of 
iodine  present  in  the  diet. 

In  spite  of  this  impressive  array  of  evidence  in  favor  of  the  iodine  defi¬ 
ciency  hypothesis,  serious  objections  have  been  raised.  Greenwald  (1946), 
perhaps  the  most  enthusiastic  opponent  of  this  theory,  denied  that  iodine 
deficiency  was  the  cause  of  either  endemic  goiter  or  experimentally  pro¬ 
duced  goiter.  He  pointed  out  that;  1)  certain  low  iodine  diets  do  not  pro- 
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duce  goiter;  2)  tliose  that  do  produce  goiter  may  be  effective  for  reasons 
other  than  their  low  iodine  content. 

The  first  objection  will  be  discussed  later.  The  second  objection  deriv'ed 
some  support  from  the  discovery  of  a  number  of  goitrogenic  substances, 
the  “anti-thyroid  drugs,”  and  particularly  from  the  finding  in  natural 
foods  of  such  a  substance,  l-o-vinyl-2-thiooxazolidone  (Astwood  et  al., 
1949),  that  inhibited  thyroid  function  in  man  or  rats  fed  diets  that  were 
not  low  in  iodine.  The  concentration  of  this  compound  in  rape  seed  was 
considered  adequate  to  account  for  all  the  goitrogenic  activity  of  this  food 
(Astwood,  1949).  Similar  goitrogenic  compounds  might  be  responsible  for 
the  production  of  goiters  previously  attributed  to  the  lack  of  iodine.  In 
fact,  Greenwald  (1946)  suspected  that  Remington’s  Diet  might  contain 
such  a  “positive  goitrogenic  factor”. 

The  present  experiments  were  devised  to  determine  whether  a  positive 
goitrogenic  factor  was  present  in  the  Remington  Diet  No.  342  (Remington, 
1937b).  This  diet  lent  itself  well  to  this  type  of  work,  because  of  its  rela¬ 
tively  simple  composition  and  low  iodine  content.  Furthermore,  it  has  been 
used  routinely  in  a  slightly  modified  form  in  this  laboratory  for  the  induc¬ 
tion  of  goiter  in  rats  and  mice. 

The  method  used  to  search  for  a  positive  goitrogenic  factor  in  anyone  of 
the  foodstuffs  composing  the  Remington  diet  was  to  investigate  whether  or 
not  thyroid  enlargement  could  still  be  obtained  when  the  foodstuff  was 
omitted  from  the  diet. 

Of  all  the  components  of  this  diet  only  sodium  chloride  was  found  to  have 
an  important  specific  effect  on  the  thyroid  gland.  A  quantitative  experi¬ 
ment  was  then  carried  out  in  order  to  determine  how  the  level  of  iodine 
affected  the  structure  and  function  of  the  thyroid  gland,  that  is,  the  pro¬ 
duction  of  goiter,  in  mice  receiving  graded  amounts  of  sodium  chloride. 
The  relation  between  the  effects  of  iodine  and  sodium  chloride  was  thus 
clarified. 


MATERIALS  AND  METHODS 

Mice  were  selected  as  test  animals  for  all  the  exjjeriments  because  of  the  resjmnsive- 
ness  of  their  thyroids  to  the  Remington  Diet,  and  the  ease  with  which  large  numbers  of 
these  animals  could  be  handled.  An  inbred  strain  was  used  to  insure  uniformity  of  genetic 
background. 

Immature  C3H  (Heston)  male  mice,  weighing  14  to  18  gm.,  were  distributed  at  ran¬ 
dom  in  groui)s  of  between  10  and  18  animals,  4  to  7  to  a  cage.  The  basal  diet  used  as 
control  in  most  of  the  experiments  was  a  modification  of  the  Remington  Diet,  the  composi¬ 
tion  of  which  is  shown  in  Tables  1  to  5  ojjposite  Clrouj)  A  in  each  case.  The  foodstuffs 
were  obtained  from  the  following  sources:  corn  meal — Cotton  Bob-o-link  Brand  Mai)le 
Leaf  Milling  Co.,  Montreal;  liver — Extracted  Liver  Residue,  Wilson  Laboratories, 
Chicago;  yeast — Dried  Brewer’s  Yeast,  Dow  Kingsbeer  Breweries,  Montreal;  wheat 
gluten — Industrial  Grain  Products  Ltd.,  Starch  and  Chemical  Division,  Ogilvie  Flour 
Mills  Co.  Ltd.,  Montreal  (Wheat  Gluten  was  obtained  as  granules  and,  therefore  had  to 
be  ground  in  a  ball  mill  before  being  used;  for  some  experiments  the  gluten  was  washed  to 
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remove  the  abundant  sodium  chloride  present,  dried  and  reground);  glucose,  calcium 
carbonate,  and  sodium  chloride  were  reagent  grade  chemicals. 

The  foodstuffs  were  blended  in  powder  form  in  a  Hobart  mixer.  When  a  component 
such  as  corn  meal  was  omitted  from  the  experimental  diet  (Table  1),  appropriate  substi¬ 
tutes  were  included,  e.g.  glucose  to  supply  the  necessary  carbohydrate,  anti  liver  to  sup- 
l)lj’  protein.  Each  new  batch  of  foodstuff  or  chemically  pure  salt  used  in  the  diet  was 
analysed  for  iodine  content  in  sample  lots  of  250  mg.  by  a  modified  Chaney  procedure 
(Gross,  1949).  The  large  variations  in  iodine  values  (Tables  1  to  6)  were  due  in  part  to 
the  fact  that  several  batches  of  food  had  to  be  used  in  some  experiments  and  in  part  to 
the  poor  reliability  of  the  iodine  method  for  small  samples  having  very  low  iodine  levels. 
In  the  last  experiments,  the  situation  was  improved  by  carrying  out  iodine  determina¬ 
tions  on  larger  quantities  of  food.  This  required  predigestion  of  the  food  samples  to  re¬ 
duce  the  amount  of  organic  material  by  calcination  in  the  presence  of  an  alkali,  followed 
by  the  modified  Chaney  procedure  unpublished).  The  values  for  the  iodine  content 

of  the  whole  diets  in  Table  8  were  thus  obtained  and  are  more  reliable  than  those  in  the 
earlier  tables. 

The  sodium  content  of  foodstuffs  was  <letermined  by  flame  photometry  after  digestion 
in  concentrated  nitric  acid.  The  ])rocedure  of  Wilson  and  Ball  (1928)  was  used  for  the 
chloride  determinations. 

The  diets  were  administered  in  open  glass  cold-cream  jars  fitted  with  wire  mesh 
discs  which  rested  on  top  of  the  foot! — an  arrangement  reducing  wastage.  Distilled 
water  was  given  ad  libitum.  The  cages  were  kept  in  a  room  where  the  temi)erature  was 
maintained  between  75  and  85°  F.  and  artificial  light  was  automatically  turned  on  from 
8:00  A.M.  to  8:00  p.m. 

After  the  diets  had  been  fed  for  50  to  70  days,  each  animal  was  weighed  and  given 
2  pi‘.  of  radio-iodine  in  distilled  water  subcutaneously.  Exactly  2^  hours  later,  during 
which  i)eriod  all  food  was  withdrawn  but  water  was  allowed,  the  animal  was  sacrificed 
with  chloroform.  The  left  thyroid  lobe  was  weighed  and  dissolved  in  2N  NaOH  prepara¬ 
tory  to  counting  under  a  Geiger-Mueller  tube;  and  the  right  thyroid  lobe  still  attached 
to  the  trachea  was  placed  in  Bouin  fluid,  care  being  taken  to  avoid  trauma  to  the  gland 
during  these  steps.  Sections  were  cut  at  6  /n  and  stained  with  haematoxylin  and  eosin, 
Masson  trichrome,  or  the  PA-Schiff  technique.  In  addition,  stained  and  unstained  radio¬ 
autographs  were  prepared. 

The  Quantitatire  Experiment 

109  C3H  (Heston)  male  mice,  aged  3  to  4  months  and  kept  in  a  controlled  temperature 
room  (80°  +5°  F.),  were  fed  a  control  low  iodine  diet  consisting  of  glucose,  washed  wheat 
gluten,  yeast  and  calcium  carbonate  which  contained  4.1  pg.  of  iodine/100  gm.  of  diet 
(as  estimated  by  the  more  accurate  method).  The  mice  were  divided  into  four  groups; 
the  first  was  fed  the  control  diet  without  added  iodine;  the  three  other  groups  received 
added  amounts  of  potassium  iodide,  raising  the  iodine  levels  to  12.2,  32,  and  lOOjug.  100 
gm.  of  diet  resj)ectively.  Each  of  these  four  groups  was  further  divided  into  four  sub¬ 
groups  receiving  0,  0.1,  1.0,  and  3.0  gm.  of  added  .sodium  chloride  per  100  gm.  of  the  re¬ 
spective  diets.  Sotlium  chloride  replaced  the  same  amount  of  glucose. 

Iodide  was  added  by  spraying  the  required  amount  of  i)otassium  iodide  solution  onto 
the  glucose.  After  being  allowed  to  dry  at  room  temperature,  the  sprayed  gluco.se  was 
mixed  with  the  other  constituents  of  the  diet.  Sodium  chloride  was  mixed  into  the  diet 
as  a  powder,  except  at  the  0.1%  level,  in  which  case  an  aqueous  solution  of  sodium  chlo¬ 
ride  was  sprayed  onto  the  glucose  in  the  same  manner  as  for  addition  of  iodide.  Otherwise, 
the  experimental  conditions  were  the  same  as  described  previously. 

The  mice  were  sacrificed  on  the  68th  and  69th  days  after  being  placed  on  the  diets. 
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During  the  last  3  days  of  the  experiment,  food  intakes  were  measured.  The  calculations 
of  iodine  and  sodium  chloride  intake  were  based  on  the  average  food  intake  for  these  3 
days  for  all  the  animals  in  the  experiment  (3.16  gm./  mouse/day). 

Mode  of  presentation  of  results 

The  table  summarizing  each  assay  gives  the  composition  of  the' diet  used;  the  food¬ 
stuffs  which  have  been  changed  are  reported  in  italics.  The  results  of  the  assay,  that  is, 
body  weights,  thyroid  weights,  radio-iodine  uptakes  and,  in  table  8,  the  iodine  content  of 
the  diets  are  j)re.sented  with  their  standard  errors.  The  experimental  values  are  under¬ 
lined  when  they  differ  significantly  from  those  of  the  control  groups  (which  are  referred 
to  as  Groups  A  or  A'). 

To  determine  the  thyroid  weiglits  and  radio-iodine  uptakes,  only  the  left  lobes  were 
used.  It  was  eventually  realized  that  the  enlargement  of  the  left  and  right  thyroid  lobes 
in  mice  fed  the  low  iodine  diet  was  not  identical.  Thus  in  an  experiment  where  both 
lobes  were  compared  in  12  mice  after  56  days  on  the  basal  modified  Remington  Diet,  the 
average  difference  between  the  left  and  the  right  lobe  weights  was  1.13  mg.,  that  is,  the 
weight  of  the  left  lobe  exceeded  by  17.7%  the  mean  lobe  weight  obtained  by  averaging 
right  and  left  lobes  (6.35  mg.).  In  8  of  the  12  thyroids  examined,  the  left  lobe  was  larger 
than  the  right,  in  1  they  were  equal,  and  in  3  the  right  was  larger  than  the  left.  (The 
greatest  single  difference  was  found  in  an  animal  in  which  the  left  lobe  was  greater  than 
the  right  one  by  51%).  On  the  other  hand,  of  601  animals  autopsied,  2  had  no  right 
thyroid  lobe  and  4  had  no  left  lobe.  The.se  animals  were  not  inclufled  in  any  of  the  cal¬ 
culations. 

Examination  of  Tables  1,  2  and  8  shows  several  cases  in  which  the  I”‘  uptake  in  the 
left  thyroid  lobe  is  greater  than  50%.  Such  an  apparently  illogical  finding  may  be  ex- 
l)lained  by  the  fact  that  at  2\  hours  after  injection,  the  loss  of  radio-iodine  in  the  urine 
is  of  the  order  of  only  2  to  3%,  whereas  almost  all  the  rest  is  fixed  in  the  thyroid;  there¬ 
fore,  the  inequality  in  average  lobe  size  accounts  for  the  excessive  per  cent  uj)take  in  the 
left  lobe. 

RESULTS 

Role  played  by  the  individual  components  of  the  Remington  Diet  in  the  produc¬ 
tion  of  goiter  in  mice 

Corn  Meal  (Table  1).  Control  animals  received  the  basic  diet  including; 
corn  meal  (Group  A).  Either  glucose  with  liver  as  a  source  of  protein 
(Group  B),  or  glucose  alone  (Group  C)  were  used  as  substitutes  for  the 
corn  meal. 

Table  1.  Role  of  corn  meal  in  the  production  of  goiter  by  the 

MODIFIED  REMINGTON  DIET 

(Experiment  Duration:  59  Days) 


Per  cent  composition  of  diet 

Iodine 

content 

Number  of 
animals 

Body  weight 
(gni.l 

Ijeft  thyroid  lobe 

Com 

meal 

Wheat 

Liver  gluten  Yeast  CaCOj  SaCI 

Glu¬ 

cose 

(sg.,  loo 

gni.l 

Initial 

Filial 

Final 

Gain 

Weight  I***  uptake 
(ntg.)  {%  dose) 

A  7! 

—  16 

10  1  1 

— 

4.0 

(2.. 1-6. 4) 

16 

16 

22.3 

5.7±0.7 

5.4±  1.2  43.0+3.8 

B  — 

in  16 

10  1  1 

et 

3.5 

(2. 3-5. 2) 

16 

II 

21.0 

4.9±  1.0 

10.0+1.4  51.2+2.2 

C  — 

—  16 

10  1  1 

7t 

1.7 

(0.8-2. 6) 

16 

14 

21.3 

4. 6+0. 8 

9.2±  1.3  42.9+3.0 
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Tahi.e  2.  Hole  ok  lirer  in  the  krodi  ction  ok  ooiter  by  the 

MODIKIEI)  REMIXCiTON  DIET 


(lOxjM'rinu'iit 

Duration 

:  (iroup  A,  H,  52  Day.s;  ( 

Jroup  A 

IV,  '.)7 

Day.s) 

Per  cent  composition  of  dijt 

Iodine  Number  of 

content  animats 

iknly  weight 
(gm.) 

Left  thyroid  lobe 

Corn 

meal 

Wheat 
Liver  gluten 

Veast  CaCOi 

100 

NaCI  gill.)  Initial  Kiiial 

Final 

Gain 

W'eight 

(mg.) 

1'“‘  uptake 
(%  dose) 

A 

7i 

—  16 

10  1 

1  7.5  10  9 

(1.3-24.8) 

20.2 

3. 4+0. 6 

11.510.8 

56.013.1 

B 

et 

to  16 

10  1 

1  8.8  10  9 

(2.7-25.5) 

21.2 

5.0±0.4 

14.010.8 

53.513.3 

A' 

71 

—  16 

o 

1  7.5  18  12 

(1.3-24.8) 

23.5 

6.5+  1.0 

23.511.6 

36.714.7 

B' 

et 

to  16 

10  1 

1  8.8  13  11 

(2.7-25.5) 

21.5 

5.210.5 

25.91 1.9 

43.010.9 

Elimination  of  corn  meal  produced  no  decrease  but  in  fact  an  increase  in 
thyroid  weight  (left  lobes  of  comparable  mice  fed  Purina  Fox  chow  weighed 
about  1  mg.).  Histologically,  the  thyroid  glands  from  mice  of  groups  A, 
B  and  C  showed  evidence  of  intense  activation,  that  is,  irregular,  densely 
cellular  follicles  with  small  lumina  containing  thin  wisps  of  colloid,  as  well 
as  general  hyperemia.  Intense  radioautographic  images  were  observed 
over  the  colloid  remnants.  (These  histological  features  were  observed  in  al¬ 
most  all  animal  groups  discussed  in  this  paper.  Therefore  the  histology 
will  no  longer  be  mentioned  below,  unless  special  features  make  it  neces¬ 
sary).  Since  the  absence  of  corn  meal  from  the  Modified  Remington  Diet 
did  not  interfere  with  the  development  of  goiter  in  mice,  the  action  of  this 
diet  cannot  be  attributed  to  the  presence  of  a  positive  goitrogenic  factor  in 
corn. 

Liver  (Table  2).  Inclusion  of  Wilson  Extracted  Liver  Residue  in  the 
Modified  Remington  Diet  produced  increases  in  thyroid  weight  which  were 
.significant  at  52  days  (Group  A  vs.  B;  P  =  0.02-0.05),  but  no  longer  so 
at  97  days  (Group  A'  vs.  B').  The  radio-iodine  uptakes  by  the  thyroid 
glands  of  both  age  groups  fed  on  diets  with  and  without  liver  were  not 
significantly  different.  The  weak  positive  goitrogenic  activity'  which  may 
exist  in  liver  had  little  influence  of  the  effect  of  the  whole  diet,  since  large 
goiters  were  readily  obtained  in  the  absence  of  liver;  therefore  the  effect 
of  the  Modified  Remington  Diet  on  the  thyroid  cannot  be  attributed  to 
the  positive  goitrogenic  factor  present  in  liver. 

Wheat  Gluten  (Table  3).  When  wheat  gluten  at  a  10%  level  in  the  control 
diet  (Group  A)  was  replaced  by  either  corn  meal  plus  liver  (Group  B)  or 
corn  meal  alone  (Group  C),  there  was  no  significant  effect  on  thyroid 
weight  or  on  radio-iodine  uptake.  The  large  size  of  the  thyroid  glands  in 
animals  not  receiving  wheat  gluten  shows  that  the  goiter-producing  ability 
of  the  Modified  Remington  Diet  cannot  be  attributed  to  any  factor  in 
wheat  gluten. 

Yeast  (Table  4).  When  Dried  Brewer’s  Yeast  (Group  A)  was  replaced  by 
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Table  3.  Role  of  wheat  gluten  in  the  production  ok  goiter  by  the 

MODIFIED  REMINGTON  DIET 
(ExptTiment  Duration:  50  Days) 


Per  cent  composition  of  diet 

Group - 

Corn  Wheat 

meal  Liver  gluten  Yeast  CaCO>  SaCl 


A 

7t 

~~ 

Id 

10  1 

1  11.9 

(1.4-37.6) 

12 

12 

22.3 

4.3±0.7 

6.9+ 1.3 

46.2±3.1 

B 

78 

10 

— 

10  1 

1  13.2 

(2.3-41.7) 

12 

12 

20.4 

2.1±0.6 

6.9±1.4 

41.4±3.4 

C 

88 

— 

— 

10  1 

1  14.5 

(0.8-44.1) 

12 

11 

20.5 

2.4±0.9 

4. 0+0. 8 

42.9±1.9 

Iodine 
content 
of  diet 
(pg.,  100 
gin.) 


Number  of 
animals 


Body  weight 
(gm.) 


Left  thyroid  lobe 


Weight 

(mg.) 


I'*'  uptake 
{%  dose) 


an  equivalent  amount  of  liver  (Group  B)  or  corn  meal  (Group  C),  no  signif¬ 
icant  effects  were  observeii  on  the  weight  or  radio-iodine  uptake  of  the 
thyroid  gland.  Therefore,  the  production  of  goiter  by  the  Modified  Reming¬ 
ton  Diet  cannot  be  attributed  to  a  positive  goitrogenic  factor  in  yeast. 

Calcium  Carbonate  (Table  5).  When  the  control  diet  containing  1% 
calcium  carbonate  (Groups  A  and  A')  was  compared  to  diets  deprived  of 
this  salt  (Groups  B  and  B'),  there  was  a  decrease  in  thyroid  weight,  which 
was  significant  only  in  Group  B'.  This  was  no  longer  significant  when  the 
weights  of  the  thyroid  based  on  body  weight,  that  is  the  relative  thyroid 
weights,  were  considered.  Other  signs  of  thyroid  activation  (radio-iodine 
uptake,  histological  picture  of  stimulation)  were  equally  intense  in  all 
groups.  When  10%  calcium  carbonate  was  given  in  the  diet  (Groups  C), 
the  thyroid  glands  were  similar  to  those  of  the  control  animals  of  Group  A. 
Therefore,  the  goitrogenic  action  of  the  Modified  Remington  Diet  cannot 
be  attributed  to  the  presence  of  calcium  carbonate. 

Sodium  Chloride  (Tables  6  and  7).  The  first  experiment  on  the  role  of 
sodium  chloride  in  the  production  of  goiter  by  the  Modified  Remington 
Diet  included  mice  (Group  B,  Table  6)  receiving  no  added  sodium  chloride 
while  the  controls  were  fed  a  diet  containing  10%  sodium  chloride  (Group 
A).  Survival  was  poor  in  the  latter  group.  Both  groups  were  sacrificed  at 
61  days  at  which  time  the  mean  weights  of  the  left  thyroid  lobes  were  4.2 

Table  4.  Role  or  yeast  in  the  production  of  goiter  by  the 
.MODIFIED  remington  DIET 

(Experiment  Duration:  66  Days) 


Per  cent  compoBition  of  diet  ®“*(gmT''‘  Left  thyroid  lobe 


Com 

meal 

Liver 

Wheat 

gluten 

Yeast  CaCOj  NaCI 

(Mg./100 

gm.) 

Initial 

Final 

Final 

Gain 

Weight 

(mg.) 

P**  Uptake 

(%  dose) 

A 

7t 

— 

16 

to  1  1 

3.6 

(1.9-5. 5) 

16 

15 

24.1±0.6 

8.2±0.6 

13.911.1 

44.512.7 

B 

7t 

to 

16 

—  1  1 

4.5 

(2. 7-6. 7) 

16 

14 

22.1±0.6 

6.2±0.6 

16.911.2 

46.511.9 

C 

8t 

— 

16 

—  1  1 

2.5 

(1.2-4. 1) 

16 

15 

22.7±1.0 

6.7±1.0 

12.410.8 

38.611.9 
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Table  5.  Role  ok  calcium  carbonate  in  the  production  of  goiter  by  the 

MODIFIED  REMINCiTON  DIET 


(Exporinient  Duration:  Group  A,  H,  C,  61  Days;  Group  A',  H',  51  Days) 


Group 

Per  cent  conipoeition  of  diet 

Iodine 

content 

Number  of 
animals 

Body  weiKht 
((tm.) 

I./eft  thyroid  lobe 

('on 

nisal 

Liver 

Wheat 

gluten 

Yeast  CaCOi 

NaCl 

(mK.  100 

(tin.) 

Initial 

Final 

Final  Gain 

Weight 

(mg.) 

I>»'  uptake 
{%  doee) 

A 

7i 

- 

16 

10  i 

1 

1.4 

(0.8-1. 6) 

13 

12 

22.4  5. 8+  1. 2 

13.211.6 

40.511.1 

B 

73 

- 

16 

10  — 

1 

1.4 

(0.8-2. 6) 

13 

11 

22.9  6.3±0.9 

9.21 1.7 

36.212.3 

C 

63 

— 

IK 

10  10 

1 

1.4 

(0.8-2. 6) 

13 

12 

17.7  0.5+0. 7 

13.51 1.6 

43.012.3 

A' 

7t 

— 

16 

10  I 

I 

10.0 

(7.1-14.2) 

17 

10 

21.3  6.9+ 1.7 

16.010.9 

34.510.6 

B' 

73 

- 

16 

10  — 

1 

9.9 

(7.0-14.2) 

16 

9 

16.8  2.810.8 

13.210.6 

35.111.8 

mg.  (Group  B)  and  14.7  mg.  (Group  A),  the  difference  lietween  mean.s  be¬ 
ing  highly  significant.  Furthermore,  the  P®*  uptake  by  the  thyroid  glands 
of  Group  A  was  higher  than  that  of  Group  B  (P  =  0.02-0.05).  Histologi¬ 
cally,  the  thyroids  of  the  mice  receiving  sodium  chloride  (Group  A)  dis¬ 
played  the  usual  picture  of  stimulation,  but  in  the  absence  of  sodium 
chloride  (Group  B),  the  glands  were  composed  of  smaller  spherical  follicles 
containing  fewer  cells  and  larger  colloid  accumulations,  and,  there¬ 
fore,  displayed  less  stimulation.  From  these  findings,  it  was  concluded 
that  withdrawal  of  sodium  chloride  interfered  with  the  formation  of  goiter 
in  mice  fed  the  Modified  Remington  Diet. 

Since  repetition  of  this  work  did  not  always  give  uniform  results,  it  was 
suspected  that  the  basic  diet  even  without  added  sodium  chloride  might 
contain  enough  of  this  salt  as  a  contaminant  to  allow  thyroid  enlargement 
to  occur.  Hence,  sodium  and  chloride  determinations  were  carried  out  on 
the  various  food  components  of  the  Modified  Remington  Diet.  Wheat 
gluten  was  the  only  foodstuff  containing  large  quantities  of  both  sodium 
(0.06-0.08%)  and  chloride  (1.5%).  Yeast  contained  0.03-0.13%  sodium 


Table  6.  Role  of  sodium  chloride  in  the  production  of  goiter  by  the 

MODIFIED  REMINGTON  DIET 


(Experiment  Duration:  Group  A, 

B,  61  Days: 

Group  A',  B',  51  Days) 

Per  cent  conipoeition  of  diet 

Iodine 

c:)ntent 

Number  of 
animals 

Body  weight 
(gm.) 

Left  thyroid  lobe 

Corn 

meal 

W'heat 
Liver  gluten 

Y'east  CaCOj  NaCl 

(fig.,  100 

gm.) 

Initial 

Final 

Final  Gain 

Weight 

(mg.) 

I*®'  uptake 

(%  dose) 

A 

63 

—  16 

10  1  10 

5.3 

(3. 9-7. 6) 

13 

6 

21.4±0.5  3.4±1.1 

14.7±2.3 

46.2±3.6 

B 

73 

—  16 

10  1  — 

6.0 

(4. 3-8. 3) 

13 

13 

20.3+  1.3  3.5±1.5 

4^±1.6 

35.3±2.9 

A' 

88 

-  - 

10  1  1 

11.4 

(8.0-16.3) 

16 

12 

21.0  7.1±0.7 

12.0±0.8 

33.1±1.1 

B' 

89 

—  — 

10  1  — 

11.5 

(8.1-16.4) 

16 

12 

21.5  7.5+0. 5 

2.3±0.3 

28.9+2.3 
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Table  7.  Roi,e  ok  salts  in  the  prodvction  of  ooitek  by  the 

MODIFIED  REMINOTON  DIET 

(Kxpcrinieiit  Dur:ition:  53  Days) 


_ Perce.a^„^U>™.ofdie._ _ ^  I^ft  thyroid  lobe 

Corn  Wheat  (mR.  100  .  ' .  Weight  l'*i  uptake 


meal 

Liver  gluten  Yeast 

CaCO. 

NaCl 

gni.) 

Initial 

Final 

Filial 

Gain 

(nig.) 

(%  (lose) 

A 

—  —  10 

t.e 

S 

12.1 

M 

12 

19. U 

4. 0+0. 3 

11.4±1.0 

44.4±2.1 

B 

87 

—  —  10 

— 

3 

12.1 

13 

8 

18.4 

2.7±0.6 

12.4±1.2 

46.1±1.9 

C 

90 

—  —  10 

— 

12.7 

13 

11 

17.9 

2.2±0.6 

4.4±  1.0 

38.7±3.0 

but  only  0.01%  chloride,  while  corn  meal  contained  no  detectable  sodium 
or  chloride.  The  experiment  was,  therefore,  repeated  in  the  absence  of 
wheat  gluten. 

Under  the.se  conditions  (Table  6,  Group  A'  and  B')  the  mean  thyroid 
weight  of  mice  in  Group  B'  (no  sodium  chloride)  was  2.3  mg.,  while  that  of 
mice  receiving  1%  sodium  chloride  (Group  A')  was  12.0  mg.  Body  weight 
gains  were  identical  in  both  groups.  (Thus  the  mouse  can  grow  on  a  re¬ 
markably  low  sodium  chloride  intake,  roughly  OOjug-  of  sodium  chloride  per 
day,  in  sharp  contrast  to  the  rat,  whose  growth  on  the  Remington  Diet 
without  added  sodium  chloride  is  greatly  reduced;  Remington,  1937). 

In  addition,  a  diet  containing  3%  sodium  chloride  and  2.6%  calcium 
carbonate  (Table  7,  Group  A)  was  compared  to  one  devoid  of  the  calcium 
salt  (Group  B)  and  to  a  third  devoid  of  both  (Group  C).  The  results  not 
only  confirmed  the  fact  that  withdrawal  of  sodium  chloride  from  the  Modi¬ 
fied  Remington  Diet  led  to  a  pronounced  decrease  in  thyroid  weight  (com¬ 
pare  Group  C  with  Groups  A  and  B),  but  also  showed  that  the  presence  of 
sodium  chloride  allowed  the  development  of  goiter  in  the  absence  of 
calcium  carbonate  (Group  B)  and  that  the  addition  of  calcium  carbonate 
did  not  produce  a  further  increase  in  the  weight  of  the  thyroid  (Group  A). 

Conclusion 

Thyroid  enlargement  consistently  occurred  in  mice  fed  the  Remington 
Diet  itself  or  the  same  diet  modified  by  the  removal  of  corn  meal  (Table  1), 
wheat  gluten  (Table  3),  or  yeast  (Table  4).  Withdrawal  of  liver  had  no 
statistically  significant  effect  in  two  experiments  (Table  1,  Group  B  vs. 
Group  C;  Table  2,  Group  B'  vs.  Group  A')  and  had  a  small  effect  in  one 
(Table  2,  Group  B  vs.  Group  A);  but  in  no  case  did  removal  of  liver  from 
the  diet  prevent  the  occurrence  of  goiter  (Tables  4  to  8).  Calcium  carbo¬ 
nate  withdrawal  produced  a  small  decrease  in  thyroid  weight  in  one  experi¬ 
ment  (Table  5,  Group  A'  vs.  Group  B'),  but  the  body  weights  of  the  ani¬ 
mals  were  also  reduced  and  when  the  thyroid  weights  were  calculated  rela¬ 
tive  to  body  weights,  they  did  not  differ  from  tho.se  of  the  controls.  In  two 
other  experiments  (Table  5,  Groups  A  and  C  vs.  Group  B;  Table  7,  Group 
A  vs.  Group  B),  the  omission  of  calcium  carbonate  from  the  diet  had  no 
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significant  effect  on  the  relative  or  absolute  thyroid  weight.  These  results 
showed  that  the  effect  of  the  Remington  Diet  on  the  thyroid  gland  is  not 
due  to  a  “positive  goitrogenic  factor”  in  corn  meal,  wheat  gluten,  yeast, 
liver,  or  calcium  carbonate. 

The  only  constituent  of  the  Remington  Diet  that  exerted  an  important 
influence  on  the  production  of  goiter  was  sodium  chloride.  Omission  of  this 
salt  (Table  6,  Group  A'  vs.  Group  B')  caused  a  pronounced  decrease  in 
the  thyroid  weight,  while  large  goiters  always  resulted  from  inclusion  of 
sodium  chloride  in  the  diet  at  levels  of  1  per  cent  (Table  6,  Group  A).  This 
effect  of  sodium  chloride  was  independent  of  the  calcium  carbonate  con¬ 
tent  of  the  diet  (Table  7,  Group  A  vs.  Group  B)  and  was  consistent  when 
wheat  gluten  (contaminated  by  sodium  chloride)  was  omitted  from  the 
diet. 

These  results  definitely  established  the  fact  that  sodium  chloride  had  an 
effect  on  goiter  production  and  a  preliminary  report  on  the  subject  was 
published  (Axelrad  and  Leblond,  1952). 

Relationship  between  the  effects  of  iodine  and  sodium  chloride  on  the  thyroid 
gland.  The  quantitative  experiment  (Table  8) 

At  the  lowest  level  of  iodine  intake  {J^.l  pg.  iodine  100  gm.  of  diet;  sub¬ 
groups  A,  B,  C  and  D),  the  thyroid  glands  were  .significantly  larger  than  in 
all  other  groups  receiving  iodine  .supplements  (8.3  to  13.1  mg.  left  lobe  as 
against  0.8  to  2.5  mg.).  When  the  four  subgroups  receiving  different 
amounts  of  sodium  chloride  were  compared,  thyroids  were  larger  and  radio¬ 
iodine  uptakes  higher  in  those  animals  that  had  the  higher  salt  intake 


Table  8.  Quantitative  experiment  showing  the  relationship  between  potassium 

IODIDE  AND  SODIUM  CHLORIDE  IN  CONTROLLING  THE  THYROID  GLAND 

(Exi)priment  Duration:  68  and  69  Days) 


rereentcomp«,itio„ofUio.  Uft  thyroid  lobe 


groups 

Wheat 

Klutent  Yeast 

CaCO, 

NaCl 

Glu¬ 

cose 

fM*-,  100 
gm.)* 

mouse, 

day) 

Ini¬ 

tial 

Final 

Final 

Gain 

Weight 

(mg.) 

I'4‘  uptake 
(%  dose) 

A 

16 

10 

1 

0 

73.0 

4.1±  1.4 

0.13 

7 

4 

26.4 

2. 8+0. 6 

8.33+0.69 

45.47+3.81 

B 

16 

10 

1 

O.l 

73.9 

4.1±  1.4 

0.13 

7 

6 

26.8 

2.54-0.7 

9.75±1.27 

55.851  3.63 

C 

16 

10 

1 

1.0 

7t.O 

4.14-  1.4 

0.13 

6 

6 

27.5 

2. 1  +  0. 7 

10.98+1.41 

56.99+4.18 

D 

16 

10 

1 

3.0 

70.0 

4.1±  1.4 

0.13 

6 

6 

27.2 

1. 9+0.5 

13.13+0.80 

60.8512.88 

A' 

16 

10 

1 

0 

73.0 

12. 2±  1.3 

0.39 

7 

7 

28.9 

4. 9+0. 8 

1.13+0.13 

16.80+2.75 

B' 

16 

10 

1 

0.1 

73.9 

12.24-  1.3 

0.39 

7 

7 

28.6 

4. 5+0. 7 

1.20+0.11 

19.54+1.88 

C' 

16 

10 

1 

1.0 

73.0 

12. 2±  1.3 

0.39 

7 

6 

25.8 

2. 1  +  0.8 

0.98+0.13 

29.6914.59 

D' 

16 

10 

1 

3.0 

70.0 

12. 2±  1.3 

0.39 

7 

6 

25.9 

1.4+0. 7 

1.40±0.20 

35.091  2.11 

A" 

16 

10 

1 

0 

73.0 

32±  3.8 

1.0 

7 

6 

26.1 

2.6+  1.9 

1.04+0.14 

4.8210.96 

B" 

16 

10 

1 

0.1 

73.9 

32±  3.8 

1.0 

7 

7 

28.1 

4.1±0.6 

1.20+0.19 

7.68+  1.35 

C" 

16 

10 

1 

1.0 

73.0 

.32±  3.8 

1.0 

7 

7 

25.6 

0.9±  1.1 

1.11  +  0.16 

12.6511.82 

D" 

16 

10 

1 

3.0 

70.0 

32±  3.8 

1.0 

7 

3 

25.6 

2.2±0.7 

0.77±0.29 

12.25+1.61 

A"' 

16 

10 

1 

0 

73.0 

100-411. 8 

3.2 

6 

5 

27.6 

4. 4+0. 6 

2.48+0.28 

2.80+0.25 

B". 

16 

10 

1 

0.1 

73.9 

100±11.8 

3.2 

7 

6 

25.4 

1.3+0. 9 

1.93+0.11 

4.4910.63 

C'" 

16 

10 

1 

1.0 

73.0 

100±  11.8 

3.2 

7 

7 

29.6 

5. 7+0. 7 

1.56+0.17 

5.4511.04 

D'" 

16 

10 

1 

3.0 

70.0 

100+  11.8 

3.2 

7 

7 

27.1 

3.3±0.6 

1.4010.19 

6.651 1.01 

*  Values  obtained  by  the  Dry  Difrestion  Method, 
t  Washed  to  remove  sodium  chloride. 
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Fig.  1.  Periodic  acid-SchifT-heniatoxylin  stained  thyroid  sections  from  mice  fed  graded 
amounts  of  iodine  and  sodium  chloride.  (Quantitative  Experiment)  (Table  8).  The  16 
pictures  repre.sent  typical  tlu'roid  glands  from  each  one  of  the  16  subgroups  in  this  ex¬ 
periment. 

Each  horizontal  row  of  pictures  corresponds  to  a  certain  iodine  content  of  the  diet, 
with  the  successive  rows  from  bottom  to  top  representing  increasing  iodine  content. 

Each  vertical  column  of  pictures  corresponds  to  a  certain  level  of  sodium  chloride 
content  of  the  diet,  with  the  successive  columns  from  left  to  right  representing  increasing 
sodium  chloride  content. 

The  signs  of  activation  (increase  in  cell  size,  decrease  in  the  colloid  content  of  the  fol¬ 
licle)  become  more  pronounced  either  as  the  iodine  intake  decreases  or,  except  along  the 
bottom  row,  as  the  sodium  chloride  intake  increases. 
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(Table  8).  Histologically,  the  glands  of  all  animals  on  the  low  iodine  intake 
showed  the  same  characteristic  signs  of  hyperactivity :  intense  hyperaemia, 
densely  packed  high  follicular  cells  and  almost  complete  disappearance  of 
colloid  (see  Fig.  1,  bottom  row). 

When  the  diets  contained  12.2  pg.  of  iodine  per  100  gm.  of  diet  (Subgroups 
A',  B',  C  and  D'),  the  thyroid  weights  were  small  (0.98  to  1.4  mg.)  and 
uninfluenced  by  sodium  chloride  intake,  but  the  radio-iodine  uptakes  in¬ 
creased  with  increasing  sodium  chloride  content  of  the  diet  (Table  8). 
Successive  examination  of  thyroid  histology  in  the  4  subgroups  (Fig.  1, 
third  row)  showed  that  the  signs  of  stimulation  increased  as  the  amount 
of  sodium  chloride  in  the  diet  increased,  that  is,  the  height  of  the  cells  be¬ 
came  greater,  the  size  of  the  colloid  accumulations  was  decreased,  their 
degree  of  stainability  was  reduced,  their  vacuolation  was  increased,  and 
the  vascularity  of  the  gland  was  markedly  augmented. 

When  the  diets  contained  32  pg.  of  iodine  per  100  gm.  of  diet  (Subgroups 
A",  B" ,  C"  and  D"),  the  thyroids  were  of  about  the  same  weight  as  in  the 
animals  receiving  12.2  p^.  of  iodine  TOO  gm.  of  diet,  but  the  radio-iodine 
uptakes  were  about  one  third  as  high  as  those  at  the  previous  iodine  level. 
Examination  of  the  4  subgroups  revealed  that  the  radio-iodine  uptake 
values  increased  (Table  8)  and  the  histological  picture  showed  greater 
activity  (Fig.  1,  second  row)  as  the  sodium  chloride  intake  increased. 

When  the  diets  contained  100  pg.  of  iodine  per  100  gm.  of  diet  (Subgroups 
A'",  B"',  C'",  and  D'"),  there  was  a  change  in  the  pattern  observed  in  the 
previous  groups.  On  the  one  hand,  the  left  thyroid  lobe  weights  were 
greater  (1.4  to  2.5  mg.)  than  at  the  previous  iodine  level.  The  differences 
between  the  thyroid  weights  of  the  two  first  corresponding  subgroups  (A" 
vs.  A'"  and  B"  vs.  B'")  at  these  two  levels  were  significant.  Furthermore, 
at  this  level  of  iodine  intake,  the  thyroid  weights  decreased  with  increasing 
concentration  of  sodium  chloride  in  the  diet.  On  the  other  hand,  the  radio¬ 
iodine  uptake  values  followed  the  trend  set  in  the  other  groups  since  they 
were  about  half  as  great  as  the  previous  iodine  level  and  increased  with 
increasing  sodium  chloride  intake.  Histologically,  the  thyroids  of  animals 
receiving  no  added  sodium  chloride  displayed  flat  to  cuboidal  follicular 
cells  and  large  amounts  of  non-vacuolated,  heavily  stained  colloid  (Fig.  1, 
first  picture  of  top  row)  which  may  have  accounted  for  the  weight  increases 
recorded.  The  addition  of  sodium  chloride  to  the  diet  at  this  iodine  level 
still  caused  some  histological  changes  in  the  thyroid  (Fig.  1,  top  row,  left  to 
right).  The  number  of  cells  appeared  slightly  greater,  the  capillaries  some¬ 
what  fuller,  the  colloid  was  slightly  decreased  in  amount  and  stainability, 
and  a  small  degree  of  colloid  vacuolation  appeared. 

Conclusion 

The  activation  of  the  thyroid  generally  increased  with  increasing  sodium 
chloride  intake.  It  may  also  be  emphasized  that,  when  the  4  subgroups  at 
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any  one  of  the  sodium  chloride  levels  were  compared,  the  activation  of  the 
thyroid  always  decreased  with  increasing  iodine  intake  (compare  the  four 
pictures  making  up  any  column  in  Fig.  1). 

At  the  lowest  level  of  iodine  intake  (Table  8),  the  thyroids  were  smaller 
in  the  absence  of  sodium  chloride  (Subgroup  A)  than  in  its  presence 
(Subgroups  B-D),  but  in  all  cases  they  were  goitrous  as  shown  by  weight, 
radio-iodine  uptake  and  histological  signs  of  intense  activation.  Thus, 
even  in  the  absence  of  sodium  chloride,  a  very  low  intake  of  iodine  resulted 
in  goiter. 

DISCUSSION 

Why  does  a  low  iodine  intake  cause  goiter? 

The  only  known  role  of  iodide  in  thyroid  physiology  is  as  the  raw  mate¬ 
rial  of  which  the  thyroid  gland  synthesizes  thyroid  hormone.  The  amount 
of  iodide  required  by  mice  for  this  synthesis  can  be  calculated  from  the 
data  of  Hurst  and  Turner  (1947,  1948).  These  authors  sugge.sted  that, 
since  the  prevention  of  thiouracil  goiter  in  mature  male  (Schwing)  mice 
kept  at  80°  F.  required  2.4  jug.  D,L-thyroxine  per  100  gm.  body  weight  per 
day,  this  figure  represents  the  daily  output  of  hormone  from  the  thyroid 
gland.  The  relative  biological  activities  of  d,l-  and  L-thyroxine  allow  us  to 
calculate  this  daily  output  as  1.28  /xg.  of  L-thyroxine,  that  is,  0.83  jug.  of 
organic  iodine,  per  100  gm.  body  weight  per  day. 

Assuming  that  under  normal  conditions  the  thyroid  gland  of  the  mouse 
is  in  a  steady  state  with  respect  to  iodine,  as  it  is  in  the  rat  (Dougherty 
et  ah,  1951),  and  that  all  the  iodine  entering  the  gland  is  utilized  for  thyroid 
hormone  synthesis,  it  follows  that  the  amount  of  iodine  entering  the  gland 
must  equal  the  amount  of  organic  iodine  that  leaves  as  thyroid  hormone. 

Assuming  further  that  the  thyroids  of  the  mature  male  mice  used  in  the 
quantitative  experiment  had  the  same  activity  as  those  used  by  Hurst  and 
Turner  (1947,  1948),  their  minimum  intake  of  iodine  would  have  to  be  0.83 
jug.  per  100  gm.  body  weight  per  day  to  maintain  a  normal  thyroxine  output 
from  the  thyroid  gland. 

The  mature  male  mice  of  the  quantitative  experiment  weighed  approxi¬ 
mately  25  gm.  and  consumed  3.16  gm.  of  food  per  day.  It  can  be  calculated 
that  a  diet  supplying  the  minimum  daily  requirement  for  these  animals 
(0.21  jug.  iodine  day,  mouse)  would  have  to  contain  at  least  6.6  jug.  of  iodine 
per  100  gm.  of  food.  This  value  falls  between  those  of  the  two  groups  on 
the  lowest  iodine  intake  in  the  quantitative  experiment  (in  which  the  iodine 
estimations  were  thoroughly  reliable).  The  animals  fed  a  diet  containing 
less  than  the  minimum  iodine  requirement,  that  is,  4.1  jug.  of  iodine  per  100 
gm.,  developed  goiter  (Subgroup  A,  Table  8),  while  those  fed  diets  con¬ 
taining  12.2  jug.  of  iodine  or  more  per  100  gm.  had  thyroids  of  normal  size 
(Subgroup  A'.)  The  classical  mechanism  of  iodine  deficiency  goiter  may  be 
postulated  to  explain  these  observations.  That  is,  when  the  amount  of 
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iodine  available  to  the  thyroid  is  not  sufficient  to  cover  the  thyroxine  re¬ 
quirement  of  the  body,  the  resulting  thyroid  hormone  deficiency  induces  an 
excessive  secretion  of  thyrotrophic  hormone,  the  thyroid  enlarges  and  so 
becomes  goitrous.  Thus,  the  goiters  observed  in  Subgroup  A  of  the  quanti¬ 
tative  experiment  may  be  considered  as  iodine  deficiency  goiters.  Further¬ 
more,  since  no  sodium  chloride  was  added  to  the  diet  of  the  animals  of  this 
subgroup,  their  goiters  may  be  considered  as  uncomplicated  iodine  defi¬ 
ciency  goiters. 

Increase  in  iodine  requirement  due  to  sodium  chloride 

The  goitrogenic  action  of  inorganic  salts  has  been  investigated  by  several 
authors.  Because  of  the  claim  that  the  soil  of  goiter  regions  was  rich  in 
calcium,  the  role  of  this  element  in  goiter  production  has  been  investigated 
repeatedly  but  with  contradictory  results.  The  present  work  also  showed  no 
clearcut  effect  of  calcium  carbonate. 

Hibbard  (1933)  reported  hyperplasia  and  increase  in  weight  of  the  thy¬ 
roid  in  rats  given  2%  calcium  chloride  in  their  drinking  water  and  fed  on 
pearl  barley,  the  iodine  content  of  which  was  low.  In  order  to  determine 
which  ion  was  responsible  for  the  thyroid  enlargement,  Hibbard  investi¬ 
gated  the  effects  of  calcium  chloride,  calcium  lactate  and  sodium  chloride. 
Calcium  and  sodium  chloride  caused  hyperplasia.  Calcium  lactate  had  no 
effect.  The  author,  therefore,  concluded  “that  chlorine  may  act  as  a  posi¬ 
tive  factor  in  the  production  of  thyroid  hyperplasia”. 

Remington  (1937a)  in  his  diet  No.  342  studied  the  effect  of  sodium  chlo¬ 
ride  on  the  thyroid  by  varying  its  amount  from  0  to  4%.  He  found  that 
rats  deprived  of  this  salt  had  thyroid  glands  with  a  smaller  absolute  weight 
and  a  higher  iodine  content.  However,  these  rats  grew  poorly,  and  when 
their  thyroid  weights  were  expressed  as  grams  per  100  gm.  body  weight,  the 
differences  in  thyroid  weight  due  to  sodium  chloride  deprivation  disap¬ 
peared.  Thus,  in  spite  of  the  fact  that  withdrawal  of  the  salt  had  caused 
the  iodine  content  of  the  thyroid  to  increase  threefold.  Remington  con¬ 
cluded  that  sodium  chloride  had  no  effect  on  the  thyroid  gland. 

The  present  work  definitely  established  that  sodium  chloride  had  an 
effect  on  goiter  production  (Tables  6  and  7).  The  mechanism  of  this  effect 
was  clarified  in  the  experiment  using  different  amounts  of  iodine  and 
sodium  chloride. 

At  the  lowest  level  of  iodine  intake,  the  addition  of  sodium  chloride 
caused  a  significant  increase  in  thyroid  weight  and  radio-iodine  uptake 
(Table  8,  Subgroup  D  vs.  Subgroup  A). 

At  the  three  other  levels  of  iodine  intake  the  addition  of  sodium  chloride 
increased  the  radio-iodine  uptakes  but  did  not  significantly  alter  the  thy¬ 
roid  weights  (Subgroups  B',  C',  and  D'  vs.  Subgroups  A',  etc.).  At  these 
levels,  the  histological  appearance  proved  to  be  a  sensitive  indicator  of 
the  effect  of  sodium  chloride.  At  each  one  of  the  three  levels  illustrated  by 
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the  upper  three  rows  of  pictures  in  Figure  1,  there  is  from  left  to  right  an 
increase  in  activation  of  the  thyroids  (higher  epithelium,  less  colloid,  etc.), 
a  fact  indicating  that,  whatever  the  iodine  intake  was,  the  ingestion  of 
sodium  chloride  increased  the  stimulation  of  the  gland.  The  increase  from 
the  lowest  to  the  highest  level  of  sodium  chloride,  for  a  given  iodine  level, 
had  approximately  the  same  effect  on  the  histological  picture  as  decreasing 
the  iodine  intake  from  the  said  iodine  level  to  the  next  lower  level  studied. 
Thus,  the  picture  at  the  end  of  any  one  row  was  comparable  to  that  at  the 
beginning  of  the  following  row.  Since  the  effects  of  reducing  the  iodine  in¬ 
take  were  similar  to  those  produced  by  increasing  the  sodium  chloride  in¬ 
take  and  since  the  effect  of  sodium  chloride  was  observed  at  all  iodine 
levels  studied,  it  was  felt  that  sodium  chloride  exerted  its  goitrogenic  ac¬ 
tion  by  decreasing  the  amount  of  iodine  av'ailable  to  the  thyroid  gland. 
This  hypothesis  has  been  fully  supported  by  recent  work  in  this  laboratory 
in  which  sodium  chloride  was  found  to  increase  the  loss  of  circulating  iodide 
to  the  urine,  thereby  reducing  the  amount  of  iodide  available  to  the  thy¬ 
roid  (Isler  et  al.,  in  preparation). 

Low  iodine  diets  not  producing  goiter 

Greenwald  (1946)  claimed  that  some  low  iodine  diets  did  not  produce 
goiter.  A  careful  examination  of  such  reported  observations  indicated  that 
they  could  be  classified  into  two  categories:  1)  those  in  which  the  iodine 
content  of  the  diet  had  not  been  estimated  (e.g.  Hellwig,  1931)  and  2)  those 
containing  casein  (e.g.  van  Middlesworth,  1953).  In  a  recent  study  in 
which  purified  casein  low  in  iodine  was  included  in  a  low  iodine  diet  that 
otherwise  caused  massive  thyroid  enlargement,  goiter  did  not  develop 
(Axelrad  and  Leblond,  1954).  The  cause  of  the  anti-goitrogenic  effect  of 
casein  is  not  known.  A  factor  in  casein  may  compensate  for  the  lack  of 
iodine.  Or  perhaps  the  minute  amounts  of  iodine  retained  during  the  com¬ 
mercial  preparation  of  purified  casein  may  be  in  an  organic  form  (e.g. 
triiodothyronine)  which  is  highly  effective  in  inhibiting  the  secretion  of 
thyrotrophic  hormone  from  the  hypophysis.  In  any  case,  casein-contain¬ 
ing  diets  are  so  far  the  only  known  diets  which  may  be  low  in  iodine  with¬ 
out  causing  goiter. 

The  iodine  deficiency  hypothesis 

The  present  work  demonstrates  that  the  goiters  observed  in  mice  fed 
the  Remington  Diet  are  due  to  iodine  deficiency,  since  1)  the  diet  had  a 
low  iodine  content ;  2)  the  occurrence  of  goiter  could  be  prevented  by  addi¬ 
tion  of  small  doses  of  iodine  to  the  diet ;  3)  none  of  the  dietary  components 
was  essential  for  goiter  production.  The  enhancement  of  goiter  production 
by  addition  of  sodium  chloride  can  be  completely  explained  by  the  fact 
that  this  salt  makes  a  portion  of  the  iodine  entering  the  body  unavailable 
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to  the  thyroid  gland  for  hormone  synthesis,  a  state  of  alfair  which  enhances 
the  degree  of  iodine  deficiency  already  imposed  by  tlie  low  iodine  content  of 
the  diet. 

The  effect  of  sodium  chloride  is  basically  different  from  that  of  the  anti¬ 
thyroid  substances  (such  as  that  described  by  Astwood,  1949),  which  im¬ 
pair  the  ability  of  the  thyroid  gland  to  synthesize  its  hormone.  In  contrast, 
the  sodium  chloride-containing  Remington  Diet  maintains  or  enhances  the 
functional  ability  of  the  thyroid  gland,  as  shown  by  elevated  radio-iodine 
uptakes  (see  tables)  and  rates  of  thyroid  hormone  secretion  (Gross  and 
Leblond,  1951).  In  fact,  the  results  of  the  observations  made  in  all  animals 
at  the  lowest  level  of  iodine  intake  (Table  8)  suggest  that,  with  or  with¬ 
out  sodium  chloride,  the  iodine  metabolism  of  the  gland  is  accelerated 
under  conditions  of  iodine  deficiency.  This  conclusion  is  in  keeping  with 
the  classical  concepts  of  iodine  deficiency.  A  low  level  of  iodine  intake 
would  not  allow  the  production  of  a  sufficient  amount  of  thyroid  hormone; 
this  would  cause  an  excessive  release  of  thyrotrophic  hormone  by  the  hy¬ 
pophysis;  and  as  a  result,  the  thyroid  gland  would  enlarge.  The  enlarged 
gland  would  be  potentially  active.  Given  the  raw  material,  iodine,  it  would 
actively  produce  thyroid  hormone. 

It  may  be  concluded  that  the  goiters  observed  in  this  work  resulted 
from  a  failure  of  the  thyroid  gland  to  obtain  an  adequate  supply  of  iodine. 

SUMMARY 

The  Remington  Diet,  which  consistently  produces  thyroid  enlargement  in 
rats  and  mice,  was  examined  systematically  in  order  to  determine  whether 
it  contained  any  factor  other  than  its  deficiency  in  iodine  that  could  be 
responsible  for  goiter  production.  The  possible  presence  of  a  positive  goitro¬ 
genic  factor  in  any  one  of  the  foodstuffs  used  in  this  diet  was  investigated 
by  comparing  the  weight,  histology  and  function  of  the  thyroid  gland  of 
mice  fed  the  diet  free  of  the  foodstuff  with  those  of  mice  fed  the  basic  con¬ 
trol  diet. 

Of  all  the  foodstuffs  composing  the  diet,  only  sodium  chloride  appeared 
to  play  an  important  role  in  the  production  of  goiter  (Table  6). 

The  relative  roles  of  iodine  deficiency  and  sodium  chloride  ingestion  in 
goiter  production  were  clarified  by  a  study  in  which  both  the  iodine  and 
sodium  chloride  intake  were  systematically  varied.  At  the  lowest  iodine 
level  (4.1  jug.  iodine  per  100  gm.  diet)  goiter  developed  in  the  presence  or 
absence  of  sodium  chloride,  but  the  weights  and  radio-iodine  uptakes  of 
the  glands  were  increased  by  this  salt.  When  the  iodine  intake  was  raised 
to  12.2  or  more  jug.  of  iodine  per  100  gm.  of  diet,  thyroid  enlargement  was 
prevented  whether  or  not  the  animals  received  sodium  chloride.  Therefore, 
sodium  chloride  ingestion  did  not  produce  goiter  in  the  absence  of  iodine 
deficiency.  (This  salt,  however,  still  caused  a  pronounced  activation  of  the 
thyroid  gland,  detectable  by  histological  methods). 
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Thus  none  of  the  foodstuffs  used  in  the  Remington  Diet,  not  even  sodium 
chloride,  was  essential  for  the  induction  of  goiter  by  a  diet  sufficiently  low 
in  iodine.  The  prevention  of  such  goiters  by  a  small  dose  of  iodine  completes 
the  demonstration  that  iodine  deficiency  is  the  essential  factor  in  their 
production. 
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THE  EFFECT  OF  ANDROGENS  ON  FRUCTOSE 
PRODUCTION  BY  THE  SEX  ACCESSORIES  OF 
jMALE  guinea  pigs  and  RATS'2 

HAROLD  A.  LEVEY*  and  CLARA  -H.  SZEGO 

Department  of  Zoology,  University  of  California,  Los  Angeles,  California 

IT  HAS  been  established  that  the  seminal  vesicle  is  a  primary  site  of  ori¬ 
gin  of  such  constituents  of  the  semen  as  fructose  (Mann,  1946a;  1946b), 
citric  acid  (Humphrey  and  Vlann,  1948;  1949),  inositol  (Mann,  1951),  and 
ergothioneine  (Mann  and  Leone,  1953).  In  the  bull,  ram,  boar,  and  stallion, 
both  fructose  and  citric  acid  are  produced  primarily  by  the  seminal  vesicle 
(Mann,  1949).  In  the  rat,  fructose  is  present  in  highest  concentration  in 
the  dorsal  prostate  and  coagulating  gland,  while  citric  acid  is  localized  in 
the  ventral  prostate  and  seminal  vesicle  (Humphrey  and  ^Mann,  1948). 
The  presence  of  androgen  is  necessary  for  the  production  of  fructose  (Mann 
and  Parsons,  1947;  Gassner  and  Hopwood,  1952)  and  citric  acid  (Humph¬ 
rey  and  ]\Iann,  1949)  in  the  male  reproductive  system. 

As  part  of  a  general  program  concerned  with  elucidation  of  hormonal 
regulation  of  the  metabolism  of  the  guinea  pig  seminal  vesicle  (Levey  and 
Szego,  1955),  a  study  was  made  of  the  influence  of  androgens  upon  the 
growth  and  fructose  content  of  the  sex  accessories  of  juv'enile  rats  and  ju¬ 
venile  and  adult  guinea  pigs.  The  results  obtained  are  reported  below. 

MATERIALS  AND  METHODS 

The  animals  used  were  juvenile  rats  of  the  Sprague-Dawley  strain  and  juvenile  and 
adult  guinea  pigs.  All  animals  used  in  this  investigation  were  bred  in  the  departmental 
animal  colony.  Age  and  weight  data  are  given  in  the  appropriate  section  below.  Andro¬ 
gens^  were  administered  to  orchidectomized  guinea  pigs  subcutaneously  as  pellets  or  in 
oil  solution.  Hormonal  treatment  of  rats  is  detailed  in  Table  4. 

Tissues  were  removed  from  guinea  pigs  and  rats  under  ether  anesthesia.  The  .secre¬ 
tions  were  retained  with  the  tissues  or  analyzed  separately  (see  text).  The  glands  were 
homogenized,  deproteimzed  with  trichloroacetic  acid,  made  to  constant  volume,  and 
centrifuged  for  10  minutes  at  2000  r.p.m.  Supernates  were  analyzed  for  fructose  and 
other  constituents  as  indicated. 
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Yeast  fermentation  studies  were  carried  out  on  several  samples  of  secretion  obtained 
directly  from  guinea  pig  seminal  vesicles.  These  samples  were  homogenized  in  phosphate 
buffer  (pH  7.0)  and  were  centrifuged  for  10  minutes  at  2000  r.p.m.  One  cc.  of  buffered 
suspension  of  Fleischmann’s  yeast  (washed  free  of  yeast-non-fermentable,  reducing  con¬ 
taminants)  was  added  to  aliquots  of  the  supernates  and  the  tubes  were  incubated  for  1 
hour  at  35°  C.  The  reaction  was  terminated  by  deproteinization  with  trichloroacetic 
acid,  and  the  protein-free  supernates  were  analyzed  for  fructose  content  and  reducing 
activit}’.  Control  samples  of  seminal  vesicle  secretion  were  carried  through  the  procedure 
without  the  yeast  suspension.  Triplicate  determinations  were  in  close  agreement  and 
average  values  were  used  to  compile  the  data  in  Table  7. 

Fructose  was  determined  by  the  method  of  Roe  (1934),  reducing  activity  bj"  the 
method  of  Folin  and  Malmros  (1929),  total  carbohj'drate  by  the  method  of  Durham  et 
al.  (1950),  pyruvic  acid  by  the  method  of  Bueding  and  Wortis  (1940),  citric  acid  by  the 
method  of  Saffran  and  Denstedt  (1948),  and  lactic  acid  by  the  method  of  Barker  and 
Summerson  (1941). 

RESULTS 

1.  Fructose  in  the  seminal  vesicle  of  the  guinea  pig 

Table  1  shows  that  fructose  production  in  the  seminal  vesicle  of  the 
guinea  pig  was  established  at  20  days  of  age.  The  presence  of  visible  secre¬ 
tion  in  this  gland  corresponded  exactly  with  the  appearance  of  fructose.  In 
Table  2  it  can  be  seen  that  practically  all  of  the  fructose  was  localized  in 
the  seminal  vesicle  secretion,  with  little  remaining  in  the  glandular  tissue 
where  it  is  presumably  originally  produced.  Table  2  also  demonstrates  that 
while  immature  animals  had  smaller  seminal  vesicles,  the  concentration  of 
fructose  in  the  secretion,  once  established,  was  essentially  at  the  adult  level. 

2.  Hormonal  influence  on  fructose  production  in  the  sex  accessories  of  imma¬ 
ture  guinea  pigs  and  rats 

A  group  of  normal,  immature  guinea  pigs  was  injected  with  testosterone 
propionate  in  an  attempt  to  hasten  maturation  of  the  seminal  vesicles.  The 
results,  together  with  the  protocol,  appear  in  Table  3.  It  is  clear  that  andro¬ 
gen  stimulated  the  growth  of  the  seminal  vesicles  but  totally  inhibited 
secretory  activity  and  fructose  production.  The  testes  of  the  28-day  old  ani¬ 
mals  injected  with  testosterone  propionate  were  markedly  atrophic  as  com¬ 
pared  with  those  of  the  controls. 

Similar  studies  were  carried  out  in  juvenile  rats.  The  results  are  pre¬ 
sented  in  Table  4.  Testosterone  propionate  stimulated  both  the  growth 
and  fructose  production  of  the  sex  accessories  of  immature  rats.  Gonado¬ 
trophin  had  a  similar  effect.  In  addition,  there  was  no  inhibition  of  either 
testis  growth  or  sex  accessory  secretory  activity  in  the  androgen  treated 
rats.  High  levels  of  fructose  were  present  in  the  stimulated  coagulating 
gland,  dorsal  prostate,  and  ampullary  gland  (median  prostate).  Only  small 
amounts  of  this  sugar  could  be  detected  in  the  seminal  vesicle  and  ventral 
prostate  of  both  injected  and  control  animals.  Hypertrophy  of  all  the  sex 
accessories  was  observed  in  the  treated  groups.  The  sex  accessories  of  the 
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Table  1.  ICarliest  ai’I’Earaxce  of  fructose  ix  the  semixal  vesicle 

OF  THE  Ol  IXEA  I’Ki 


Age 

(days) 

Body  wt. 
(gm.) 

Weight  of 
testes 

(mg./ 100  gm. 
body  wt.) 

Weight  of 
seminal 
vesicles 
(mg./ 100  gm. 
body  wt.) 

Weight  of 
secretion 
(mg.) 

Fructo.se  in 
secretion 
(qualitative)* 

14 

174 

138 

36.8 

.  0 

0 

If) 

151 

156 

27.8 

0 

0 

16 

190 

139 

35.8 

0 

0 

16 

209 

136 

88.3 

0 

0 

16 

217 

136 

46.1 

0 

0 

16 

288 

174 

60.9 

0 

0 

18 

265 

189 

60.4 

15 

+ 

20 

298 

197 

70.5 

20 

+ 

21 

263 

— 

85.7 

20 

2:i 

800 

193 

70.0 

0 

0 

2:i 

807 

208 

84.4 

75 

+  + 

28 

808 

181 

76.0 

20 

-1- 

28 

820 

175 

53.8 

20 

28 

347 

207 

66.9 

0 

0 

25 

288 

— 

— 

— 

+  + 

25 

412 

— 

— 

27 

276 

— 

— 

— 

+  + 

27 

808 

— 

— 

— 

+  +  + 

28 

808 

201 

51.9 

80 

+  +  + 

28 

807 

202 

78.2 

180 

+  +  + 

20 

870 

198 

92.4 

150 

+  +  + 

29 

880 

212 

86.3 

25 

+ 

80 

815 

285 

123.8 

290 

81 

425 

260 

73.9 

52 

+  + 

81 

417 

237 

86.3 

210 

85 

372 

— 

— 

— 

-j-  4-  4-  + 

85 

897 

— 

78.6 

200 

+  +  +  + 

39 

864 

249 

82.4 

125 

+  +  + 

89 

895 

246 

96.7 

228 

+  +  +  + 

49 

348 

861 

93.3 

850 

4-  +  +  + 

49 

856 

809 

78.7 

210 

+  +  +  + 

49 

399 

466 

95.2 

425 

++++ 

‘  Fructose  was  estimated  visually  with  +  equivalent  to  a  trace  and  +  +  +  +  rejiresent- 
ing  an  intense  color  reaction. 


Table  2.  Fructose  ix  secretion  and  tissue  of  the  guinea  pig  seminal  vesicle 


1 

i 

Body  wt. 
(gm.) 

Weight  of 
seminal 
vesicles* 
(mg./lOO  gm. 
body  weight) 

Total 
weight  of 
secretion 
(mg.) 

Fructo.se  in 
seminal 
ve.sicle 
tissue* 

(mg./ 100  gm.) 

Fructose  in 
seminal 
vesicle 
secretion 
(mg./ 100  gm.) 

Immature  1 

808 

52 

80 

traee 

225 

307 

78 

130 

trace 

100 

343 

93 

350 

trace 

157 

356 

78 

210 

trace 

211 

399 

95 

425 

trace 

128 

Adult 

809 

167 

1200 

9 

133 

919 

187 

1600 

13 

108 

755 

242 

1015 

8 

140 

945 

138 

2050 

15 

119 

'  Secretion-free. 

*  Tissues  were  rinsed  several  times  in  cold  water  in  order  to  remove  fructose  adhering  to 
the  surface. 


Table  3.  Ekfect  ok  testosterone  propionate  on  the  seminal 

VESICLES  OF  IMMATURE  (iUINEA  PKiS 


’  Subrutaneous  injection  of  0.1  oc.  Wesson  oil  daily  for  24  days  up  to  day  of  sjicrifice  at  .37  days  of  a(?e. 

®  Subcutaneous  injection  of  1.0  nig.  testosterone  propionate  in  0.1  cc.  Wesson  oil  daily  for  24  d.ays  up  to  day  of  sacrifice  at  37  days  of  aRe. 

<  Intraperitoneal  injection  of  1.0  unit  (tonadotrophic  hormone  (Upjohn’s  (lonadoKen)  daily  for  24  days  up  to  day  of  sacrifice  at  37  days  of  age. 
‘  Rats  were  castrated  at  21  days  of  age  and  siicrificed  at  41  days. 

•  Subcutaneous  injection  of  1.0  mg.  testosterone  propionate  in  0.1  cc.  Wesson  oil  daily  for  20  days  from  day  of  operation  to  day  of  sacrifice. 
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castrate  control  animals  were  strikingly  smaller  than  those  of  the  intact 
controls,  indicating  that  at  37-41  days  of  age  there  is  some  maintenance  of 
these  structures  by  the  juvenile  testis.  Following  the  course  of  androgen 
treatment,  the  sex  accessories  of  the  castrate  rats  were  comparable  in  size 
and  fructose  content  to  those  of  the  similarly  treated  intact  animals.  It  was 
of  interest  to  note  that  the  adrenal  glands  of  the  androgen  injected  intact 
group  were  reduced  in  size,  an  observation  which  is  in  accord  with  the 
majority  of  previous  reports  (cf.  Parkes,  1945).  Body  weight  was  inhibited 
in  the  gonadotrophin  injected  animals. 

3.  Effect  of  androgens  on  the  fructose  content  of  adult  guinea  pig  seminal 

vesicles 

Castration  caused  a  decline  in  the  total  fructose  content  of  the  seminal 
vesicles  of  adult  guinea  pigs  (Table  5).  Four  different  androgens  (17- 
methyltestosterone,  dehydroisoandrosterone,  androsterone,  and  testoste¬ 
rone  propionate),  administered  as  subcutaneous  pellets,  were  equally  effec¬ 
tive  in  maintaining  the  fructose  level  of  the  seminal  vesicles  of  the  cas¬ 
trated  animals. 

Since  the  pellet  technique  for  administering  hormone  does  not  permit 
accurate  estimation  of  actual  dosage,  an  additional  experiment  was  carried 
out  in  which  testosterone  propionate  was  administered  to  castrates  at  dos¬ 
ages  of  0.5  and  2.0  mg.  daily  for  14  days  prior  to  the  day  of  sacrifice.  The 
lower  dosage  of  testosterone  propionate  was  sufficient  to  restore  to  normal 
the  fructose  content  of  the  castrate  seminal  vesicles.  The  weight  of  the 
seminal  vesicle  tissue  and  secretion  showed  the  expected  involutionary  and 
restorative  effects  of  castration  and  androgen  therapy. 

4.  Further  studies  on  guinea  pig  seminal  vesicle  secretion 

As  seen  in  Table  6,  fructose  accounted  for  less  than  half  of  the  total  car¬ 
bohydrate  present  in  guinea  pig  seminal  vesicle  secretion.  Citric  acid  was 
also  present  in  high  concentration  while  lactate  and  pyruvate  were  absent. 
In  the  castrate,  the  levels  of  total  carbohydrate,  fructose,  and  citric  acid 
were  considerably  reduced.  In  order  to  elucidate  the  nature  of  the  non¬ 
fructose  carbohydrate,  yeast  fermentation  studies  were  carried  out  on  two 
pooled  samples  of  seminal  vesicle  secretion,  obtained  directly  from  the 
glands  of  several  untreated  adult  guinea  pigs.  It  is  evident  from  Table  7 
that  fructose  accounted  for  only  about  half  of  the  total  yeast-fermentable 
reducing  activity  present  in  the  secretion.  The  possibility  that  the  yeast- 
fermentable,  nonfructose  reducing  material  might  be  glucose  has  not  been 
ruled  out.  In  addition,  there  occurred  a  yeast-non-fermentable  residue  of 
unknown  composition  which  accounted  for  about  a  third  of  the  total  re¬ 
ducing  activity  of  the  secretion. 
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Table  5.  Effect  of  ANDRociENs  on  the  fructose  content  of  the  seminal 

VESICLES  OF  CASTRATED  ADULT  GUINEA  PIGS* 


Treatment 

Quantity  of 
androgen 

Total  fructose  in 
seminal  vesicle  and 
secretion  (mg.)® 

Unoperated  controls  (8) 

— 

2.10±0.69 

21  day  castrate  controls  (6) 

— 

0.25+0.24 

Androgens  administered  as  accurately  weighed  subcutaneous  pellets 

implanted 

on  day  of  castration® 

Mg.  absorbed  per  day 
per  kg.  body  weight 

Castrate -|- 1 7-methyltestosterone 

0.79 

2.20 

0.93 

2.75 

Castrate  d-dehydroisoandrosterone 

0.47 

1.30 

0.77 

2.15 

0.78 

2.40 

Castrate  d-androsterone 

0.50 

1.55 

0.43 

1.65 

Castrate  d-testostcrone  propionate 

0.86 

2.20 

0.50 

1.25 

Amirogon  administered  to  21  day  castrate  liy  subcutaneous  injection  in 
0.2  cc.  of  sesame  oil  daily  for  14  days 


Mg.  injected  per 
day  per  animal 

Castrate  -f-testosterone  jiropionate 

0.5 

1.31 

0.5 

1.54 

0.5 

2.38 

0.5 

3.12 

Castrate  d-testosterone  propionate 

2.0 

3.08 

2.0 

5.32 

2.0 

2.66 

'  Animals  weighed  800-1000  grams. 

®  Standard  deviations  given  for  control  groups. 

®  On  day  of  sacrifice  (45  days  after  implantation)  pellets  were  removed,  dried,  weighed, 
and ‘the  average  daily  dose  of  hormone  calculated  for  each  animal. 


Table  6.  Concentrations  of  various  constiti  ents  of  intact  and  cas¬ 
trated  GUINEA  PIG  SE.MINAL  VESICLE  .SECRETION* 


Treatment 
of  animals 

Total 

carbohydrate 

Fructose 

Citric 

acid 

Lactic 

acid 

Pyruvic 

acid 

Intact 

328 

145 

179 

5 

0 

228 

123 

240 

4 

0 

370 

157 

288 

0 

0 

340 

138 

264 

0 

0 

Castrate 

174 

40 

124 

0 

0 

(21  days) 

130 

41 

154 

0 

0 

All  values  are  expressed  as  mg./ 100  gm.  secretion. 
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Table  7.  Yeast  fermentation  studies  on  guinea  pig  seminal 

VESICLE  SECRETION 


Sample 

Weight  of 
secretion 
(gm.) 

Total 
reducing 
activity 
in  control 
tube 
(A) 

Yeast-ncn- 

fermentable 

reducing 

residue 

(B) 

Yeast- 
fermentable 
reducing 
activity 
(A  minus  B) 

Fructose 
in  control 
tube 

(C) 

Y  east- 
fermentable, 
non-fructose 
reducing 
activity 
(A  minus  B 
minus  C' 

1 

2 

3.900 

5.083 

250.3 

235.1 

82.8 

70.2 

167.5 

164.9 

72.3 

84.6 

95 . 2 

80.3 

All  values  are  expressed  as  mg.  fructose  or  fructose  equivalents  per  100  gm.  secretion. 


DISCUSSION 

Sayles  (1939)  has  reported  that  sperm  are  first  produced  in  the  guinea 
pig  testis  at  50  days  of  age.  It  has  been  demonstrated  in  the  present  study 
that  fructose  production  in  the  seminal  vesicle  of  this  animal  takes  place 
at  20  days.  Thus,  the  seminal  vesicle  must  respond  to  the  endogenous  stim¬ 
ulus  of  the  male  hormone  before  maturation  of  the  tubular  elements  of  the 
testis  occurs.  The  findings  herein  reported  are  in  accord  with  those  of  Alann 
el  al.  (1951),  who  found  that  fructose  production  in  the  seminal  vesicles  of 
bull  calves  took  place  before  the  onset  of  spermatogenesis.  The  present 
studies  on  the  rat  indicate  that  fructose  is  produced  as  early  as  37  days  but 
observations  were  not  made  on  younger  animals.  However,  Porter  and 
Melampy  (1952)  reported  negligible  .secretion  in  the  seminal  vesicles  of  rats 
weighing  94  gm.,  and  presumably  at  least  30  days  old.  Sperm  heads  appear 
in  the  rat  testis  at  33-35  days  of  age  (cf.,  Moore,  1936).  It  is  evident,  there¬ 
fore,  that  the  time  difference  between  the  initiation  of  spermatogenesis  and 
sex  accessory  secretory  activity  is  not  as  pronounced  in  the  rat  as  it  is  in  the 
guinea  pig. 

The  observation  has  been  made  that  androgen  .suppressed  secretory  ac¬ 
tivity  and  fructose  production  in  juvenile  guinea  pig  .seminal  vesicles 
(Table  3),  whereas  in  the  castrated  adult  guinea  pig,  androgens  were  ca¬ 
pable  of  replacing  testicular  function  completely  in  maintaining  the  size  and 
fructose  level  of  the  .seminal  vesicle.  The  failure  of  androgen  to  promote 
seminal  vesicle  secretion  in  immature  guinea  pigs  maj’  be  related  to  the  fol¬ 
lowing  observation.  It  was  noted  in  histological  preparations  of  the  seminal 
vesicles  of  these  animals  (as  opposed  to  similarly  treated  rats),  that  epi¬ 
thelial  hyperplasia  caused  total  occlusion  of  the  glandular  lumen,  con- 
ceivablj'  resulting  in  physical  suppression  of  active  secretion.  The  lack  of 
androgenic  inhibition  of  .secretory  activity  of  the  sex  accessories  of  imma¬ 
ture  rats  suggests  possible  differences  in  the  hormonal  .sensitivity  of  the 
secretory  epithelium  of  the  sex  accessories  of  rats  and  guinea  pigs. 

The  observation  that  the  earliest  appearance  of  fructose  in  the  .seminal 
vesicles  of  immature  guinea  pigs  corresponded  exactlj'  with  the  presence 
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of  visible  secretion  suggests  that  the  secretory  phenomenon  is  a  unified 
physiological  activity  following  an  all  or  none  principle  with  regard  to  the 
individual  components  of  the  secretion.  Further  support  for  this  concept 
comes  from  the  oliservation  that  the  fructose  concentration  does  not  build 
up  gradually  as  the  animal  matures,  but  is  established  at  the  adult  level 
in  the  first  days  of  activity  of  the  immature  gland.  Whether  this  is  the  case 
with  the  other  substances  which  are  present  in  the  seminal  vesicle  secretion 
has  not  been  established. 

The  absence  of  significant  quantities  of  fructose  from  seminal  vesicle  tis¬ 
sue,  and  its  concentration  in  the  secretion,  points  to  an  energy-requiring, 
active  transport  mechanism  for  conducting  fructose  against  an  extreme 
concentration  gradient.  It  seems  likely  that  the  regressive  changes  follow¬ 
ing  castration  are  due,  in  part,  to  a  failure  of  the  energy-yielding  mecha¬ 
nisms  which  maintain  the  normal  permeability  of  the  seminal  vesicle.  Addi¬ 
tional  studies  in  this  laboratory  (Levey  and  Szego,  1955)  have,  in  fact,  in¬ 
dicated  that  one  of  the  primary  changes  observed  in  the  secretory  epithe¬ 
lium  of  the  guinea  pig  seminal  vesicle  following  castration  is  a  selective  de¬ 
cline  in  the  aerobic  phase  of  carbohydrate  metabolism. 

SUMMARY 

The  influence  of  androgen  on  the  growth  and  fructose  content  of  the 
male  sex  accessories  has  been  studied  in  the  rat  and  guinea  pig.  It  was  ob¬ 
served  that  in  the  untreated  immature  guinea  pig,  the  time  of  initiation  of 
secretion  coincided  with  the  first  appearance  of  fructose  in  the  seminal 
vesicle.  The  concentration  of  fructose  in  the  glands  of  the  immature  guinea 
pig,  once  established,  was  essentially  at  the  adult  level.  The  administration 
of  testosterone  propionate  to  immature  male  animals  stimulated  growth 
and  inhibited  secretory  activity  (including  fructose  production)  in  guinea 
pig  seminal  vesicles  but  stimulated  both  functions  in  the  sex  accessories  of 
rats.  Testosterone  propionate,  androsterone,  dehydroisoandrosterone,  and 
17-methyl-testosterone,  administered  as  subcutaneous  pellets,  were  equally 
effective  in  supporting  the  weight  and  fructose  production  of  the  seminal 
vesicles  of  castrated  adult  guinea  pigs. 

Two  unidentified  reducing  substances,  one  yeast-fermentable  and  the 
other  yeast-non-fermentable,  have  been  described  as  constituents  of 
guinea  pig  seminal  vesicle  secretion,  along  with  fructose  and  citric  acid. 

The  possible  nature  of  secretory  regulation  by  androgenic  hormone  was 
discussed  on  the  basis  of  these  and  related  findings. 
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THE  RELATION  OF  ASCORBIC  ACID  TO  ADRENO¬ 
CORTICAL  FUNCTION  DURING  COLD  STRESS' 

WALTER  M.  BOOKER,  FRANCES  M.  DaCOSTA,  JAMES  R. 
TURKMAN,  CLEO  FROIX^  and  WILLIAM  JONES=> 

Department  of  Pharmacology,  Howard  University  Medical  School,  Washington,  D.  C. 

INTRODUCTION 

THERE  has  been  published  from  many  laboratories  a  large  volume 
of  work  showing  the  role  of  the  adrenocortical  hormones  in  the  adapta¬ 
tion  to  cold  as  well  as  other  forms  of  stress.  It  is  well  known  now  that  during 
stress  there  is  a  significant  reduction  of  adrenal  ascorbic  acid  and  choles¬ 
terol  (Sayers  et  al.  1948)  In  spite  of  the  many  and  varied  attacks  on  this 
very  important  problem,  there  is  still  no  satisfactory  explanation  of  the 
role  of  ascorbic  acid  in  the  function  of  adrenocortical  hormones;  nor  has 
there  been  a  tenable  postulation  as  to  what  part  adrenal  ascorbic  acid 
reduction  at  the  onset  of  stress  may  play  in  the  initiation  of  adrenocortical 
function  during  stress.  Also  unexplained  is  the  extent  to  which  electrolyte 
changes  may  determine  the  survival  to  stress;  and  whether  these  electro¬ 
lyte  changes  maybe  influenced  by  ascorbic  acid  in  intact  or  adrenalecto- 
mized  animals.  We  have  previously  called  attention  to  transitory  electro¬ 
lyte  changes  in  the  blood  following  the  administration  of  ascorbic  acid 
to  animals  at  room  temperature  (Booker  et  al.  1951). 

The  recovery  of  intact  and  adrenalectomized  animals  from  sublethal 
exposures  to  cold  stress  and  the  relation  of  this  recovery  to  electrolytes 
in  blood  and  certain  tissues  of  the  body,  as  influenced  by  adrenocortical 
hormones  and  ascorbic  acid  separately  or  in  combinations,  have  not  been 
described.  In  the  present  work  we  shall  present  evidence  (a)  that  ascorbic 
acid  is  greatly  more  effective  in  increasing  the  survival  time  of  intact  than 
of  adrenalectomized  animals;  (b)  that  combinations  of  high  doses  of 
ascorbic  acid  and  low  doses  of  cortisone  or  the  reverse  combinations  have 
different  effects  on  intact  and  adrenalectomized  mice,  and  (c)  that  adrena¬ 
lectomized  and  intact  mice,  when  stressed  and  allowed  to  recover,  show 
different  plasma  potassium  and  sodium  levels. 

METHODS 

1.  The  adrenolectomized  animals  were  given  0.9%  sodium  chloride  instead  of  water 
to  drink,  and  were  fed  purina  chow  pellets.  They  were  not  allowed  access  to  food,  water 
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or  saline  during  tlie  exj)osure  to  cold.  Animals  treated  with  cortisone  alone  were  ad¬ 
ministered  1  ms.  Animals  treated  with  ascorbic  acid  were  administered  10  ms-  Animals 
treated  with  both  cortisone  and  ascorbic  acid  were  in  two  categories  (1)  low  cortisone 
(0.1  niK.),  hiKh  ascorbic  acid  (50  mg.),  and  (2)  low  ascorbic  acid  (2  mg.),  high  cortisone  (5 
mg.).  The  doses  indicated  were  administered  per  100  gm.  body  weight  by  the  intraperi- 
toneal  route.  All  drugs  were  administered  approximately  sixty  minutes  before  the  animals 
were  exposed  to  cold  (42°  h').  Survival  time  in  cold  was  determined  on  animals  in  each 
category. 

2.  In  other  experiments,  the  effect  of  a  shorter  period  of  stress,  exposure  to  cold  for 
one  hour,  as  modified  by  various  treatments,  on  plasma  sodium  and  potassium  was 
determined.  Animals  were  i)laced  in  individual  containers  during  their  exposures.  There 
were  ten  animals  in  each  category.  Intact-unstressed-untreated  and  adrenalectomized- 
unstressed-untreated  animals  constituted  controls.  Intact  and  adrenalectomized  experi¬ 
mental  groups  were  comimsed  of  animals  stressed  for  one  hour  and  sacrificed  immedi¬ 
ately,  as  well  as  those  stressed  and  allowed  to  recover  for  one  hour  at  which  time  the3’ 
were  sacrificed.  Ascorbic  acid  treated  intact  and  adrenalectomized  animals  were  run  in 
each  of  the  above  categories.  The  animals  were  sacrificed  bj'  decapatation  and  blood  was 
collected  for  potassium  and  sodium  determination  using  the  Barclay  flame  photometer. 
Extreme  care  was  taken  to  keep  hemolj’sis  at  a  negligible  level.  The  blood  from  each 
pair  of  animals  in  everj'  categorv  was  pooled,  making  five  samples  for  each  group  of  ten 
animals  on  which  sodium  and  potassium  were  determined. 

RESULTS 

It  can  1)6  seen  in  Figure  1  that  intact  animals,  treated  with  ascorbic 
acid,  show  much  greater  percentage  survival  than  the  untreated  controls; 
and  while  the  percentage  survival  of  adrenalectomized  mice  treated  with 
ascorbic  acid  is  also  higher  than  the  untreated  controls  during  the  first 
through  the  fourth  hour,  the  difference  becomes  less  significant  at  the 
sixth  hour.  It  is  of  interest  that  at  the  sixth  hour  there  is  a  60%  survival 
of  intact  mice  treated  with  ascorbic  acid,  while  the  adrenalectomized  mice 
treated  with  ascorbic  acid  show  no  survival  at  all.  Intact  mice  which  were 
not  treated  with  ascorbic  acid  show  only  a  5%  survival.  Figure  2  shows 
how  closely  the  survival  of  adrenalectomized  animals,  treated  with  cor¬ 
tisone,  parallels  that  of  intact  animals  for  five  hours.  When  compared  with 
the  survival  of  adrenalectomized  untreated  mice  (Fig.  1),  it  will  be  noted 
that  more  than  a  40%  difference  exists  between  the  cortisone-treated  and 
the  untreated  group. 

Figure  3  shows  the  results  of  combining  cortisone  with  ascorbic  acid. 
It  will  be  noted  that  low  doses  of  ascorbic  acid  plus  high  doses  of  cortisone 
are  not  as  effective  in  increasing  the  survival  time  of  adrenalectomized 
mice  as  in  intact  mice.  In  the  latter  group  of  animals,  on  the  other  hand, 
low  doses  of  cortisone  plus  high  doses  of  ascorbic  acid  are  more  effective 
than  in  adrenalectomized  animals. 

Table  1  shows  the  values  of  plasma  potassium  in  the  intact  and  adrenal¬ 
ectomized  mice.  Values  are  presented  for  the  unstressed,  the  stressed  and 
the  recovered  groups;  also  values  are  presented  for  groups  of  intact  and 
adrenalectomized  animals  that  were  treated  with  ascorbic  acid.  It  is  note- 
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I  INTACT -UNTREATED 


r~|  ADRENALECTOMIZEO  -  UNTREATED 
Uni  INTACT- ASCORBIC  ACID 


HOURS 


Fig.  1.  Tlie  effects  of  ascorliic  acid  on  the  survival  of  intact  and  adrenalectomized 
mice.  There  were  80  animals  in  the  Rioup.  Statistical  analysis  at  third  hour:  Intact 
against  adrenalectomized  (untreated)  P=  <0.01 ;  adrenalectomized  untreated  against 
adrenalectomized-treated,  P  =  0.01  intact  untreated  against  adrenalectomized  treated, 
P  =  0.01. 


Tabi.k  1.  Plasma  cotassu  m  of  i.ntact  and  adrenalectomized  mice,  unstressed  and 

STRESSED,  STRESSED  AND  ALLOWED  TO  RECOVER,  AND  ASCORBIC  TREATED  MICE 


Xo. 

animals 

Mean  jilasma  K 
(MEq/L) 

P.  value 

Intact-Unstressed 

10 

5.14 

+  .07* 

<0.001 

Intact-Stressed 

10 

8.52 

±  .12* 

Adrenalectomized-Unstressed 

10 

6.04 

+  .12* 

<0.001 

.\drenalectomized-Stressed 

10 

i:mo 

+  .16* 

Intact-Stressed-Recovery 

10 

5.64 

4-  .13* 

<0.001 

.\drenalectomized-Stressed- 

Recovery 

10 

11.70 

±  .13* 

Intact-Stressed-.4scorhic  Acid 
Treated 

10 

8.88 

+  .00* 

<0.01 

Intact-Stres.sed-Recovery 
.\scorhic  .\cid-Treated 

10 

5.10 

±  .05* 

.\drenalectomized-Stressed 

Ascorbic  .\cid-Treated 

10 

8.06 

+  .20* 

<0.01 

-Adrenalectomized-Stressed- 
Recovery  Ascorbic  .Acid- 
Treated 

10 

7.46 

+  .04* 

Standard  error  of  the  mean. 
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I  MTACT -UNTREATED 


Fig.  2.  The  effects  of  cortisone  on  the  survival  of  intact  and  adrenalectomized  mice. 
There  were  100  animals  in  the  group.  Statistical  analysis  at  third  hour:  Intact  untreated 
against  intact  cortisone  treated,  P  =  0.01 ;  adrenalectomized  untreated  against  adrenalec¬ 
tomized  cortisone  treated,  P=  <0.01. 

worthy  that  in  both  the  intact  and  adrenalectomized  animals  the  potas¬ 
sium  was  elevated  during  stress;  but  in  the  intact  groups,  treated  and  un¬ 
treated,  there  was  no  essential  difference  during  the  recovery  period.  On 
the  contrary,  the  adrenalectomized  animals  showed  a  tremendous  in¬ 
crease  of  plasma  potassium  during  stress  and  even  during  the  recovery 
period;  but  when  treated  with  ascorbic  acid  the  increase  in  plasma  potas¬ 
sium  was  far  less  than  that  of  the  untreated  groups  in  both  stress  and  re¬ 
covery  periods. 

There  was  no  significant  difference  between  the  slightly  elevated  plasma 
sodium  in  the  intact-untreated  and  intact-ascorbic  acid  treated  groups 
stressed  for  one  hour,  although  during  the  recovery  the  ascorbic  acid 
treated  groups  showed  18%  elevation  of  plasma  sodium  beyond  the  un¬ 
stressed  controls.  It  is  of  further  interest  that  there  was  no  significant 
difference  at  the  end  of  stress  between  the  plasma  sodium  of  adrenalec- 
tomized-untreated  animals  and  that  of  the  adrenalectomized  animals 
treated  with  ascorbic  acid;  but  during  recovery,  neither  the  treated  nor 
the  untreated  adrenalectomized  animals  showed  plasma  sodium  values 
beyond  the  unstressed  controls. 
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DISCUSSION 

The  effects  of  cold  on  the  survival  of  untreated  adrenalectomized  mice 
are  similar  to  the  observations  made  by  Zarrow  (1942)  in  which  six  hours 
was  the  longest  duration  of  survival  reported.  The  results  of  our  experi¬ 
ments  permit  the  view  that  ascorbic  acid  is  effective  in  increasing  the  sur¬ 
vival  time  of  animals  when  exposed  to  cold  stress.  The  fact  that  ascorbic 
acid  is  more  effectiv^e  in  intact  than  in  adrenalectomized  animals  is  of 
great  interest,  and  strongly  suggests  that  some  functional  relationship 
exists  between  adrenocortical  hormones  and  ascorbic  acid.  That  ascorbic 
acid  is  effective  at  all  in  increasing  the  survival  of  adrenalectomized  ani¬ 
mals,  on  the  other  hand,  indicates  that  the  vitamin  has  a  limited  sphere 
of  action  of  its  own.  It  may  be  speculated  that  ascorbic  acid  and  adreno¬ 
cortical  hormones  are  probably  peripheral  in  their  functional  relationship. 
Sherr  (1952)  has  shown  that  the  effects  of  cold  on  the  survival  time  of 
adrenalectomized  mice  can  be  eliminated  by  cortisone;  and  he  has  further 
shown  that  the  deleterious  effects  of  high  doses  of  cortisone  seen  at  room 
temperature  were  not  observed  when  animals  were  exposed  to  cold.  It  is  of 
interest  that  relatively  high  doses  of  cortisone  plus  low  doses  of  ascorbic 
acid  were  less  effectiv'e  in  intact  than  in  adrenalectomized  animals  where 


■  INTACT-UNTREATED 
□  ADRENALECTOMIZED-UNTREATED 
QU  INTACT-LOW  CORTISONE -H6H  ASCORBIC  ACIO 
S  AORENALECTOMZEO-LOW  CORTBONE-MGH  ASCORBIC  ACID 
^  INTACT-LOW  ASCORBIC  ACIO-UGH  CORTISONE 

AORENALECTOMZEO-LOW  ASCORBIC  ACI0-H6H  CORTISONE 


I 


Fig.  3.  The  effects  of  combined  dosages  of  ascorbic  acid  and  cortisone  on  survival 
of  intact  and  adrenalectomized  mice.  There  were  40  animals  in  the  groups.  Statistical 
analysis  at  third  hour:  Low  ascorbic  acid  high  cortisone  intact  against  adrenalectomized 
similarly  treated  (P<0.02);  high  ascorbic  acid  low  cortisone  intact  against  adrenal¬ 
ectomized  animals  similarly  treated,  (P  <0.02). 
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high  doses  of  cortisone  and  low  doses  of  ascorbic  acid  were  of  greater  effect. 
These  observations  stimulate  the  view  that  in  the  intact  animals  “di¬ 
minishing  returns”from  cortisone  administration  can  occur.  It  is  noteworthy 
that  in  adrenalectomized  animals,  higher  doses  of  cortisone  can  be  tolerated 
and  indeed  are  needed  to  raise  the  percentage  survival.  We  have  shown 
(Booker  et  al.,  1953)  that  adrenal  homogenates,  incubated  with  ascorbic 
acid  and  subsequently  injected  into  adrenalectomiz'ed  mice,  increase  the 
survival  time  beyond  that  of  untreated  controls  and  beyond  the  survival 
time  of  animals  treated  with  cortisone  or  ascorbic  acid  individually.  Shaf- 
fenberg,  Alasson  and  Corcoran  (1950)  believe  that  adrenal  ascorbic  acid 
is  of  great  importance  in  the  function  of  glucosteroids.  Indeed  they  be¬ 
lieve  there  is  decreased  function  of  the  adrenal  cortex  in  the  absence  of 
vitamin  C. 

In  both  the  intact  and  the  adrenalectomized  animals  during  stress  there 
was  an  elevation  of  the  plasma  potassium;  but  during  recovery  the  intact 
animals  showed  no  significant  difference  between  the  plasma  potassium 
and  that  of  unstressed  intact  controls.  Adrenalectomized  animals  showed 
even  a  higher  plasma  potassium  during  recovery  and  during  the  stress 
period.  This  observation  permits  expression  of  the  view  that  the  applica¬ 
tion  of  cold  stress  to  an  animal  may  not  result  in  the  immediate  release  of 
adrenocortical  hormones  to  control  the  electrolyte  balance.  A  “lag”  ap¬ 
pears  to  exist  in  the  release  of  adrenocortical  hormones  sufficient  to  control 
the  plasma  electrolytes.  In  this  connection,  we  have  been  attracted  hy  the 
work  of  Kuhel,  Beck,  Gershberg  and  Ralli  (1954)  who  have  observ^ed  that 
human  subjects  exposed  to  cold  showed  significant  increases  in  plasma 
potassium  the  first  and  second  hours  of  exposure. 

The  survival  time  of  adrenalectomized-untreated  animals  in  cold  may 
be  greatly  influenced  by  their  inability  to  handle  potassium.  We  have 
observed  in  another  group  of  experiments  with  rats  that  intact  animals 
excrete  more  potassium  in  the  urine  both  during  stress  and  recovery  periods 
than  do  adrenalectomized  animals.  We  have  shown  also  that  sodium  may 
be  “mobilized”  from  certain  tissues  of  the  body,  while  the  urinary  excre¬ 
tion  of  sodium  is  diminished  (Booker,  et  al,  1953).  That  ascorbic  acid 
treated  intact,  as  well  as  adrenalectomized  animals  to  a  more  limited  ex¬ 
tent,  handle  their  potassium  better  than  the  untreated  animals,  is  of 
significance  to  us.  This  correlates  well  with  the  observation  that  ascorbic 
acid  appears  to  increase  the  “life  expectancy”  of  the  animals  exposed  to 
cold.  We  believe,  on  the  basis  of  the  foregoing  observations,  that  the 
handling  of  potassium  appears  highly  important  as  a  factor  that  may  well 
determine  the  survival  of  animals  during  stress.  On  the  other  hand,  we 
recognize  that  the  mobilization  and  conservation  of  sodium  during  stress 
may  well  be  an  equal  factor  to  be  considered  in  the  survival  of  animals 
during  stress. 
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SUMMARY 

Experiments  have  been  described  showing  the  effects  of  ascorbic  acid, 
cortisone  and  combinations  of  these  substances  on  survival  of  intact  and 
adrenalectomized  mice.  Both  cortisone  and  ascorbic  acid  were  effective  in 
increasing  the  survival  of  intact  and  of  adrenalectomized  mice  subjected 
to  cold  stress.  Ascorbic  acid  was  more  effective  in  intact  animals  than  in 
adrenalectomized  animals;  but  there  was  no  appreciable  difference  between 
the  effectiveness  of  cortisone  in  intact  animals  as  against  adrenalectomized 
animals  when  moderate  doses  were  administered  to  both  groups.  Low  doses 
of  cortisone  and  high  doses  of  ascorbic  acid  in  comlnnation  were  more 
effective  in  intact  than  in  adrenalectomized  animals.  On  the  other  hand, 
high  doses  of  cortisone  and  low  doses  of  ascorbic  acid  in  combination 
were  more  effective  in  adrenalectomized  than  in  intact  animals.  There 
is  suggested  a  peripheral  relationship  between  adrenocortical  hormones 
and  ascorbic  acid.  Adrenalectomized  control  animals  during  stress  and  re¬ 
covery  showed  higher  blood  potassium  levels  than  did  comparable  intact 
or  ascorbic-acid-treated  animals.  The  suggestion  is  made  that  ascorbic 
acid  may  facilitate  the  “handling”  of  potassium  in  the  adrenalectomized 
animals  subjected  to  cold  stre.ss. 
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THE  INFLUENCE  OF  DIET  ON  THE  RECOVERY  OF 
THE  RAT  ADRENAL  FROM  STILBESTROL 
INDUCED  STRESS'-^ 

STANLEY  R.  GLASSER*  and  JAMES  H.  LEATHEM 

Department  of  Zoology  and  Bureau  of  Biological  Research,  Rutgers  University, 

Xew  Brunswick,  Xew  Jersey 

The  adrenal  hypertrophj'  which  follows  the  injection  of  estrogen  is 
well  documented.  However,  recovery  of  adrenal  size  and  function 
following  estrogen  induced  stress  and  the  factors  which  modify  the  re¬ 
covery  phase  hav'e  received  little  attention.  Lynch  (1952)  observed  that 
the  adrenal  continued  to  hypertrophy,  in  rats,  for  3  weeks  after  discon¬ 
tinuing  estradiol  benzoate  and  that  adrenal  weight  did  not  return  to 
normal  until  9  weeks  after  the  cessation  of  treatment.  The  influence  of 
nutrition  on  the  recovery  phase  was  not  studied.  Nevertheless,  nutritional 
studies  warrant  consideration  for  chronic  inanition  alone  serves  as  a  stress 
in  rats  (Quimby,  1948),  guinea  pigs  (D’Angelo  et  al.,  1948)  and  mice 
(Boutwell  et  al.,  1948).  Furthermore,  a  high  protein  diet  may  increase  the 
j  response  of  the  pituitary-adrenal  system  to  stress  (Ingle  et  al.,  1947; 

5  Leathern,  1947;  Hay  et  al.  1948;  Moya  et  al.,  1948;  Henriques  et  al.,  1949) 

and  an  adequate  amount  of  protein  is  required  for  a  maximal  adrenal 
•  response  to  stress  (Constantinides,  1950;  Ershoff,  1952).  It,  therefore, 

*  was  deemed  of  interest  to  investigate  these  hormone-nutritional  inter- 

•’  relationships  by  comparing  the  adrenal  response  to,  and  recovery  from 

diethylstilbestrol  in  adult  rats  fed  purified  diets  with  and  without  protein. 

MATERIALS  AND  METHODS 

Adult  male  rats  of  the  Long-Evans  strain  were  used  when  250-350  gm.  in  weight. 
All  stock  animals  were  fed  a  diet  consisting  of  Purina  Fox  Chow  plus  meat  meal  and  sup¬ 
plemented  weekl}'  with  lettuce  and  bread  soaked  in  Mazola  oil  with  vitamins  A  and  D 
added. 

Prior  to  actual  experimentation  the  rats  were  fed  an  agar  based  18%  casein  (Basal) 
diet  (Table  1)  for  a  4-day  period.  Thereafter,  one  group  of  rats  received  0.1  mg.  (in  oil) 
diethylstilbestrol  (Stilbestrol)  daily  for  21  days  and  another  group  serving  as  nonin- 
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Table  1.  Experimental  diets 


Constituents 

18%  casein 
diet 

Protein  fere 
diet 

%  dru  weight 

%  dry  weight 

Casein 

18.0 

— 

Sucrose 

13.4 

13.4 

Glucose 

20.2 

38.2 

Dextrin 

18.2 

18.2 

Lard 

24.2 

24.2 

Salt  Mix  (Wesson,  1932) 

1.7 

1.7 

Cod  Liver  Oil 

1 .0 

1.0 

Agar 

3.3 

3.3 

The  agar  is  dissolved  in  an  amount  of  water  equal  to  1.4  times  the  dry  weight  of  the  diet. 

i.e.,  1400  gms.  water  plus  1000  gms.  of  dry  diet.  Equal  to  2.4  kg.  of 

wet  diet.  Vitamin  Mixture 

.\dded: 

Vitamin  Supplements 

mgm./kg.  wet  diet 

Choline  chloride 

1000.0 

Ino.sitol 

100.0 

Riboflavin 

3.2 

Thiamin 

2.0 

Ascorbic  acid 

4.0 

Pyridoxin  hydrochloride 

1 .6 

Calcium  pantothenate 

40.0 

Niacin 

40.0 

p-.\minohenzoic  acid 

40.0 

.\lpha-tocopherol 

40.0 

2-^Iethyl-l,4  naphthoquinone 

0.2 

Biotin 

0.2 

Folic  acid 

0.2 

jected  controls  was  pair-fed  against  the  stilbestrol  injected  rats.  At  the  end  of  the 
injection  period  half  the  animals  in  each  group  were  continued  on  the  basal  diet;  the 
other  half  were  fed  a  protein  free  diet  (PFD),  (Table  1).  Adrenal  glands  were  obtained 
at  0,  10,  20  and  30  days  after  the  withdrawal  of  the  hormone. 

A  second  experiment  was  performed  in  which  animals  were  fed  a  protein  free  diet 
(PFD),  instead  of  an  18%  casein  diet,  during  the  injection  period.  Post-injection  adrenal 
morphology  was  observed  in  rats  at  the  same  intervals  and  under  the  same  dietary 
conditions  as  in  the  first  experiment. 

The  adrenal  glands  were  fixed  in  a  modified  formalin  solution  (Baker  et  al.,  1948) 
and  embedded  in  10%  gelatin  (Zwemer,  1933).  Sections  were  cut  at  15  ja  on  a  freezing 
microtome,  stained  and  mounted  in  glycohrogel  (Zwemer,  1933).  Sudan  IV  was  demon¬ 
strated  by  the  use  of  Herxheimer’s  solution  (Cowdry,  1948).  This  technique  roughly 
measures  the  total  neutral  lipid  but  does  not  demonstrate  masked  fat  (Baker  et  al., 
1948).  Adrenal  phospholipids  and  neutral  fats  were  stained  with  sudan  black  B  (Baker, 
1944)  and  the  presence  of  unsaturated  glycerides  was  indicated  by  a  positive  reaction 
with  the  metachromatic  stain,  Nile  Blue  Sulphate  (Lison,  1 936) ._  Cholesterol  esters 
were  tested  by  the  Schultz  modification  (1924)  of  the  Lieberman-Burchard  technique. 

RESULTS 

Adrenal  Weights:  Stilbestrol  increased  the  actual  adrenal  weight  110% 
in  20  days  in  animals  fed  the  basal  diet  (Table  2)  The  effect  was  accentu¬ 
ated  on  an  organ  weight  body  weight  basis.  A  sharp  reduction  in  adrenal 
weight  followed  hormone  withdrawal  but  the  glands  of  stilbestrol  treated 
rats  remained  significantly  heavier  than  those  of  their  controls  throughout 
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Table  2.  IXKIAENCE  OF  DIET  ON  POST-INJECTION  CHANGES  IN  ADRENAL  GLAND 
WEIGHT  IN  STILBESTROL  INJECTED  RATS 
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the  course  of  recovery.  If  protein  was  withdrawn  from  the  diet  after  tlie 
last  hormone  injection,  adrenal  atrophy  was  significantly  greater  on  an 
actual  weight  basis  than  that  which  occurred  when  protein  was  fed.  Adrenal 
weight  relative  to  body  weight,  however,  indicated  that  a  protein  free  diet 
did  not  accentuate  adrenal  atrophy.  In  fact,  the  relative  adrenal  weight 
of  rats  fed  protein  were  less  than  those  of  rats  deprived  of  protein  (Table 
2,).  The  sharp  increase  in  body  weight  during  recovery  on  the  basal  diet 
following  the  cessation  of  injections  without  a  similar  response  on  the  part 
of  the  adrenals  nece.ssarily  reduced  the  relative  adrenal  weight  (Table  2). 

Stilbestrol  treatment,  concomitant  with  the  feeding  of  a  diet  lacking 
protein  resulted  in  a  significant  adrenal  hypertrophy  of  approximately  78% 
(Table  2)  which,  however,  was  significantly  less  than  when  dietary  protein 
was  available  during  the  injections  {vide  supra).  Adrenal  weight  de¬ 
creased  during  the  post-injection  phase  regardless  of  diet.  However,  when 
18%  casein  was  fed,  adrenal  weight  was  still  above  control  levels  30  days 
after  injections.  Feeding  a  0%  casein  diet  reduced  adrenal  weight  below 
normal  but  adrenals  from  stilbestrol  injected  rats  were  larger  than  non- 
treated  controls.  The  disparity  of  adrenal  weights  between  rats  fed  protein 
and  those  continued  on  a  protein  free  regime  was  essentially  reversed  by 
relating  adrenal  weight  to  body  weight,  the  adrenals  of  rats  fed  PFD  were 
relatively  larger  than  the  adrenal  of  rats  fed  casein  (Table  2).  The  sharp 
increase  in  body  weight  during  recovery  on  basal  diet  was  not  matched 
by  a  similar  response  in  adrenal  weight  with  the  result  that  relative  adrenal 
weight  was  reduced. 
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Adrenal  Cholesterol:  Scliultz  positive  material  in  the  normal  adrenal 
cortex  was  concentrated  in  the  Zona  glomernlosa  and  the  peripheral  areas 
of  the  fasciculata,  and  became  progressiv'ely  less  dense  and  uniform  cen¬ 
trally.  Injection  of  stilbestrol  depleted  the  p;land  of  Schultz  positiv'e  ma¬ 
terial. 

A  -return  of  adrenal  cholesterol  was  observed,  within  10  days  post¬ 
injection,  in  rats  fed  on  the  basal  diet.  Increases  in  the  size  of  the  droplet 
and  in  the  intensity,  density  and  uniformity  of  distribution  were  noted 
with  time.  The  stain  reaction  served  to  more  sharply  delineate  the  cen¬ 
tral  and  peripheral  portions  of  the  fasciculata  at  day  20  of  recovery.  Fur¬ 
ther  increases  in  cholesterol,  occurring  throughout  the  entire  cortex,  were 
observed  on  day  30  of  recovery.  If,  following  stilbestrol,  the  rats  were  fed 
a  protein  free  diet,  Schultz  positive  material  did  not  appear  in  the  adrenal 
until  20  days  after  the  cessation  of  treatment.  At  no  time  during  the  re¬ 
covery  phase  was  the  adrenal  cholesterol  pattern  of  these  animals  charac¬ 
teristic  of  the  normal.  The  feeding  of  PFD  during  both  the  injection  and 
recovery  periods  delayed  the  appearance  of  a  positive  reaction  until  day 
30  of  recovery. 

The  absence  of  protein  from  the  diet  fed  to  non-injected  animals  caused 
no  discernible  alteration  from  the  normal  cholesterol  pattern.  The  regime 
of  pair-feeding  during  the  treatment  period  produced  the  least  noticeable 
change  in  the  adrenal  cholesterol  of  the  control  rats.  This  was  immediately 
corrected  in  the  recovery  phase. 

Neutral  Fat  and  Phospholipid  (sudan  black  B):  Sudnophilic  material, 
v'ery  heavily  and  uniformly  distributed,  was  found  concentrated  in  glo- 
merulosa  cell  cytoplasm  and  in  the  peripheral  area  of  the  fasciculata.  A 
relativ^ely  sharp  decrease  in  intensity  and  uniformity  of  staining  occurred 
in  mid-fasciculata  and  continued  through  the  reticularis.  There  was  con¬ 
siderable  degree  of  variation  in  this  pattern,  especially  in  the  fasciculata; 
the  very  strong  positive  reaction  sometimes  continued  to  the  medullary 
border  (Fig.  1).  Treatment  with  stilbestrol  caused  major  changes  in  the 
distribution  of  sudanophilic  lipids  of  the  adrenal  cortex.  Except  for  some 
widely  scattered  lipid  aggregations  found  only  on  the  outer  quarter  of  the 
fasciculata,  the  adrenal  cortex  was  devoid  of  stainable  material  (Fig.  2). 
Regardless  of  diet,  an  immediate  return  to  normal  was  noted  upon  cessa¬ 
tion  of  injections  (Figs.  3  and  4). 

Neutral  Fat  {Herxheitner  Stain):  The  pattern  of  adrenal  cortical  lipid  in 
adrenals  examined  for  the  presence  of  sudan  IV  stainable  fat  was  similar 
to  that  observed  in  the  studies  of  adrenal  cholesterol.  Adrenals  of  stilbes¬ 
trol  injected  animals  were  devoid  of  stainable  material  except  for  traces  in 
the  extreme  peripheral  quarter  of  the  fasciculata. 

An  immediate  return  to  normal  was  noted  after  the  cessation  of  injec¬ 
tions  when  protein  was  fed  but  a  delay  was  evident  if  protein  was  with¬ 
drawn  from  the  diet.  Rats  fed  the  basal  diet  during  the  injection  period 
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Plate  1 

Sections  (15  ju)  of  the  adrenal  cortex  of  adult  male  rats.  Stained  with  sudan  black  B. 
Magnification,  300  X. 

Fig.  1.  Control  group  at  “0”  days  recovery.  Note  characteristic  histochemical  pat¬ 
tern  and  presence  of  transition  zone.  Dietary  variations  are  without  effect. 

Fig.  2.  Stilbestrol  injected  group  at  “0”  days  recovery.  Marked  depletion  of  sudano- 
philia  and  transition  zone  is  noted.  Variation  in  diet  is  without  influence. 

Fig.  3.  Stilbestrol  injected  group  recovering  on  basal  diet.  Injection  diet:  Basal. 
Immediate  reappearance  of  sudanophilia  and  transition  zone  (10  days).  Injection  diet: 
PFD.  Immediate  reappearance  of  normal  sudan  black  B  pattern.  Transition  zone  does 
not  reappear  until  day  30. 

Fig.  4.  Stilbestrol  injected  group  recovering  on  PFD:  Injection  diet:  PFD.  Sudan 
black  B  reappears  within  10  days  of  the  cessation  of  injections.  Transition  zone  does 
not  reappear  during  the  course  of  the  experiment.  Injection  diet:  Basal.  Sudan  black  B 
is  recouped  within  10  days  after  treatment  is  stopped.  Transition  zone  reappears  by 
day  20  (not  shown). 
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and  fed  PFD  during  the  recovery  phase  exhibited  a  10-day  delay  in  adrenal 
lipid  assimilation.  A  further  10-day  delay  was  noted  in  those  animals 
which  received  PFD  throughout  the  entire  experiment.  Extracellular 
lipid  aggregations  were  observed  in  all  adrenals  30  days  after  injections 
were  discontinued. 

Unsaturated  Glycerides  {Nile  Blue  Sulphate):  The  control  rat  adrenal 
was  devoid  of  unsaturated  glycerides.  Neither  stilbestrol  nor  variation  in 
diet  altered  the  normal  histochemistry. 

Transition  Zone:  A  sudanophobic  “sublomerular”  zone  was  present  in 
the  adrenals  of  normal  male  animals  (Fig.  1).  The  injection  of  .stilbestrol 
resulted  in  the  disappearance  of  this  zone  (Fig.  2). 

In  the  series  of  animals  continued  on  the  basal  diet  after  the  cessation 
of  injections  the  .sudanophobic  area  made  its  reappearance  on  day  10  of 
recovery  whereas  it  did  not  reappear  until  day  30  in  the  adrenals  of  those 
animals  transferred  to  PFD  (Fig.  3).  The  absence  of  dietary  protein,  during 
the  period  of  stilbestrol  injections,  retarded  the  reappearance  of  the  sudano¬ 
phobic  area.  The  transition  zone  was  not  observed,  in  animals  recovering 
on  the  basal  diet  after  being  fed  PFD  during  the  injection  period,  until  day 
20  of  recovery  and  did  not  reappear  at  all  in  treated  animals  which  received 
PFD  throughout  the  injection  and  recovery  periods. 

DISCUSSION 

Stilbestrol  administration  for  3  weeks  induced  marked  adrenal  cortical 
hypertrophy,  a  severe  depletion  of  sudanophilic  lipids  and  cholesterol  and 
a  lo.ss  of  the  transitional  zone.  The  cortical  lu'pertrophy  was  more  pro¬ 
nounced  than  that  obtained  with  a  similar  dose  of  estradiol  benzoate  in¬ 
jected  for  3  weeks  (Lynch,  1952).  Furthermore,  the  cytochemical  modifica¬ 
tions  of  the  adrenal  in  response  to  stilbestrol  are  far  more  extensive  than 
those  induced  by  physiological  doses  of  estradiol  benzoate  (Greep  and 
Jones,  1950).  Cortical  hypertrophy  and  altered  cytochemistry  may  con¬ 
stitute  presumptive  evidence  for  increased  secretory  activity  induced  by 
stre.ss  (Popjack,  1944;  Greep  and  Deane,  1949). 

Stilbestrol  imposed  a  caloric  restriction  which  increased  adrenal  size 
in  pair-fed  control  rats.  Similar  observations  were  recorded  by  Quimby 
(1948),  D’Angelo  et  al.  (1948)  and  Boutwell  et  al.  (1948).  However,  cortical 
lipids  and  cholesterol  were  not  altered  by  the  caloric  restriction  of  paired- 
feeding  suggesting  a  gradual  stress  to  which  the  gland  has  compensated 
(Sayers  and  Sayers,  1949). 

The  degree  of  cortical  hypertrophy  induced  by  stilbestrol  was  limited 
by  feeding  a  protein  free  diet  but  nevertheless  was  significantly  greater 
than  control  adrenal  weights.  Apparently  a  minimum  level  of  dietary 
protein  is  necessary  for  an  adequate  adrenal  response  to  stress  (Constan- 
tinides,  1950)  and  may  or  may  not  be  related  to  an  impaired  synthesis  of 
ACTH  by  the  hypophysis  (Handler  and  Bernheim,  1950;  Sayers  et  al., 
1950). 
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Rats  treated  with  0.1  mg.  of  estradiol  benzoate  for  3  weeks  exhibited  a 
continued  increase  in  adrenal  weight  for  3  weeks  after  the  cessation  of  in¬ 
jections.  Normal  adrenal  weights  were  regained  9  weeks  after  withdrawing 
the  hormone  (Lynch,  1952).  Substituting  stilbestrol  in  a  similar  experi¬ 
mental  design  led  to  a  more  marked  adrenal  hypertropJiy  during  the  in¬ 
jection  period  and  a  precipitous  decrease  in  adrenal  weight  within  10  days 
after  stopping  the  hormone  indicating  that  the  two  compounds  are  metabo¬ 
lised  at  different  rates.  The  mode  of  recovery  is  complex  but  .seems  initially 
due  to  the  cessation  of  stilbestrol  injections,  for  caloric  restriction  is  usually 
terminated  before  the  injection  period  ends  as  indicated  by  a  return  of 
food  intake  to  normal  by  day  15  of  the  injection  period. 

Recovery  of  sudanophilia  and  cholesterol  in  the  adrenal  cortex  is  clearly 
influenced  by  nutrition.  An  18%  casein  diet  permits  the  reappearance  of 
sudanophilia  and  cholesterol  in  the  cortex  on  day  10,  but  normal  con¬ 
centrations  are  not  seen  until  30  days  after  the  last  injection.  Cortical 
sudanophilia  does  not  appear  until  day  20  and  is  subnormal  on  day  30 
when  a  0%  casein  diet  is  fed.  These  latter  animals  seem  not  to  have  re¬ 
covered  fully  from  the  injections  of  stilbestrol,  and  the  absence  of  protein 
from  the  diet  provides  a  source  of  continued  stress. 

The  presence  of  a  transition  zone,  which  occurs  in  the  normal  rat  adrenal, 
is  thought  to  be  indicative  of  a  low  level  of  cortical  activity,  whereas  the 
conv'erse  is  suggested  by  the  absence  of  this  zone  (Creep  and  Jones,  1950). 
The  zone  disappears  when  stilbestrol  is  injected  and  returns  on  cessation 
of  injections.  Reappearance  may  be  taken  as  an  indication  that  the  adrenal 
is  recovering  from  the  heightened  secretory  activity  of  the  treatment  period 
and  is  returning  to  a  lower  level  of  cortical  activity  at  which  the  transition 
zone  is  normally  present.  Ab.sence  of  dietary  protein  delays  the  reappear¬ 
ance  of  the  transition  zone  for  20  days.  Further  delay  in  the  reappearance 
of  the  transition  zone  is  caused  by  feeding  PFD  during  the  injection  period. 
The  transition  zone  reappears  by  day  20  of  recovery  in  treated  rats  tran.s- 
ferred  to  basal  diet  but  does  not  return  at  all,  during  the  30-day  recovery 
period,  in  the  adrenals  of  those  rats  continued  on  PFD.  There  is  a  general 
agreement  between  these  data  and  the  observations  on  the  recouping  of 
normal  adrenal  histochemistry  and  decrease  in  relative  adrenal  weight 
which  would  seem  to  indicate  that  the  presence  of  this  zone  may  con¬ 
stitute  a  fair  index  of  the  return  to  recov'ery  by  the  previously  stressed 
animal.  However,  the  coincident  occurrence  of  the  transition  zone  and  the 
slight  but  significant  hypertrophy  of  the  adrenals  of  PFD  fed  controls 
presents  the  question  as  to  the  relative  significance  of  these  morphological 
and  histochemical  factors  as  criteria  of  recovery. 

SUMMARY 

Stilbestrol  induces  a  marked  adrenal  hypertrophy,  depletion  of  sudano- 
philic  and  Schultz  reactive  material  and  the  disappearance  of  the  transition 
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zone  in  adult  male  rats  fed  a  diet  containing  18%  casein.  The  absence  of 
protein  from  the  diet  fed  during  the  injection  period  produced  no  further 
changes  in  adrenal  histochemistry  but  did  decrease  the  degree  of  adrenal 
hypertrophy. 

Recovery  on  the  basal  diet  after  the  cessation  of  injections  allows  the 
immediate  return  of  adrenal  phospholipid  and  a  more  gradual  reappear¬ 
ance  of  neutral  fat,  Schultz  reactive  material  and  transition  zone.  There 
is  a  decrease  in  relative  adrenal  weight  to  near  control  levels  but  the  adrenal 
of  the  treated  animal  remains  significantly  heavier  than  the  control  glands. 
The  absence  of  protein  from  the  recovery  diet  markedly  inhibits  the  re¬ 
covery  of  the  adrenal  on  the  basis  of  the  criteria  observed  here. 

Feeding  a  protein  deficient  diet  concomitantly  with  the  injection  of 
stilbestrol  allows  a  further  20-day  period  of  protein  depletion.  Such  a 
regime  produces  a  pronounced  delay  in  the  recouping  of  the  normal  histo¬ 
chemistry,  morphology  and  weight  relationships  of  groups  recovering  on 
either  the  basal  or  PFD  diets  beyond  the  times  noted  for  similar  groups 
which  had  received  a  diet  containing  adequate  protein  during  the  injection 
period. 

Caloric  restriction  imposed  by  pair-feeding  against  stilbestrol  injected 
rats  produces  a  slight  but  significant  hypertrophy  of  the  adrenal  of  control 
animals.  There  is  a  return  to  normal  weight  relationships  during  the 
recovery  period  except  in  those  pair-fed  control  groups  recovering  on 
PFD.  The  adrenals  of  these  rats  are  significantly  hypertrophied.  No  altera¬ 
tion  from  the  normal  histochemistry  and  morphology  can  be  demonstrated 
in  control  groups. 
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THE  EFFECT  OF  HYPOPHYSECTOMY,  CRYPTORCHIDISM, 
ESTROGEN  AND  ANDROGEN  UPON  THE  LEVEL  OF 
HYALURONIDASE  IN  THE  RAT  TESTIS' 

EMIL  STEINBERGER  and  WARREN  0.  NELSON 

Department  of  Anatomy,  State  University  of  Iowa,  Iowa  City 

The  presence  of  a  “spreading  factor”  in  testes  of  rats,  rabbits  and 
guinea  pigs  was  first  observed  by  Duran-Reynals  (1928,  1929).  Chain 
and  Duthie  (1939,  1940)  demonstrated  that  the  “spreading  factor”  is 
identical  with  an  enzyme  isolated  from  autolysates  of  Type  II  pneumo¬ 
cocci  by  Meyer,  Dubos  and  Smith  (1937),  and  designated  by  the  latter 
authors  as  hyaluronidase  in  view  of  its  capacity  to  depolymerize  hyalu¬ 
ronic  acid.  Subsequently  the  concentration  of  hyaluronidase  in  testes  of 
rats  placed  under  various  experimental  conditions  has  been  studied  by 
several  investigators. 

Sprunt  et  al.  (1939)  noted  a  decrease  of  hyaluronidase  concentration  in 
rat  testes  after  45  days  of  cryptorchidism.  Determinations  of  the  enzyme 
were  made  by  a  biological  method  of  assay — the  “spreading  reaction.” 
Utilizing  a  turbidimetric  method  of  assay,  Leonard  et  al.  (1946,  1948) 
reported  a  decrease  of  the  enzyme  content  in  testes  of  hypophysectomized 
animals  and  in  cryptorchid  animals.  Riisfeldt  (1949a),  employing  a  viscosi- 
metric  assay,  described  an  increase  of  the  enzyme  content  in  testes  of  adult 
rats  treated  with  0.25  to  2.0  mg.  testosterone  propionate  twice  weekly  for 
two  or  four  weeks.  A  decrease  of  hyaluronidase  concentration  in  testes  of 
rats  treated  with  diethylstilbestrol  was  reported  by  Greif  (1954),  in  a  study 
utilizing  a  colorimetric  method  of  enzyme  determination. 

Rev'iew  of  the  literature  reveals  that  no  systematic  study  using  a  single 
method  of  extraction  and  enzyme  determination  of  testes  under  various 
experimental  conditions  has  been  carried  out.  Furthermore,  the  lack  of  an 
acceptable  standard  for  hyaluronidase  activity  renders  impossible  a  satis¬ 
factory  comparison  of  the  results  obtained  in  the  various  earlier  studies. 

The  purpose  of  this  investigation  has  been  to  examine  the  changes  in 
hyaluronidase  concentration  in  testes  of  cryptorchidized,  hypophysec¬ 
tomized,  estrogen-treated,  and  testosterone-treated  rats,  employing 
throughout  the  study  a  standard  method  of  extraction  and  determination 
of  the  enzyme.  The  changes  in  enzyme  concentrations  have  been  corre¬ 
lated  with  concurrent  histological  changes  in  the  testes. 

Received  for  pul)lication  September  16,  1954. 

*  This  work  has  been  aided  by  grant  RG-1778  from  the  National  Institute  of  Health, 
United  States  Public  Health  Service. 
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MATERIALS  AND  METHODS 

Two  groups  of  animals  were  used  in  this  study,  one  consisting  of  127  adult  male 
Long-Evans  rats  raised  in  our  laboratory  and  the  other  of  76  hypophysectomized  and  7 
intact  adult  Sprague-Dawley  males  obtained  from  the  Hormone  Assay  Laboratories  in 
Chicago. 

The  enzyme  concentrations  in  normal  testes  from  rats  of  these  two  strains  did  not 
differ  significantly  (87.2  +  5  units/gm.  for  Long-Evans  and  86  ±  1  units/gm.  for  Si)rague- 
Dawley  rats). 

Testicular  tissue  for  histo’logical  studies  was  fixed  in  Bonin’s  solution,  embedded  in 
l)araffin  and  cut  at  6  micra.  All  tissues  were  stained  employing  the  Masson  or  Gomori 
trichrome  techniques. 

I.  Preparation  of  Testicular  Extract  for  Ilyaluronidase  Assay 

The  animals  were  sacrificed  by  an  overdose  of  ether.  Testes  were  removed  ra])idly 
and  weighed  on  a  Roller-Smith  torsion  balance.  Samj)les  for  histological  studies  were 
jjrocured  and  the  remaining  tissue  was  freed  from  the  tunica  albuginea  and  large  vessels. 
Testicular  pulp  thus  obtained  was  placed  in  a  chilled  beaker. 

Testicular  tissue  from  2  to  6  animals  was  pooled,  the  total  weight  determined,  and 
homogenized  in  a  test  tube  employing  a  Cenco  Stirrer  with  a  glass-rod  homogenizer. 
The  homogenized  tissue  was  iK)ured  into  a  beaker,  and  the  test  tube  and  the  glass-rod 
homogenizer  were  rinsed  with  0.1  N  acetic  acid,  the  rinsing  fluid  being  added  to  the 
homogenate.  Tlie  volume  of  acetic  acid  used  for  rinsing  was  a])i)roximatel\'  1  to  1.5 
times  the  volume  of  the  tissue.  This  mixture  was  stirred  (using  a  mechanical  stirrer)  for 
four  hours,  after  which  time  it  was  centrifuged.  The  clear  sui)ernatant  was  decanted 
and  stored  at  4°  C.  To  the  sediment  1  to  1.5  volume  of  0.1  N  acetic  acid  was  added  and 
the  extraction  proceflure  rei)eated  two  more  times.  The  extracts  were  combined  and  their 
total  volume  determined.  Assays  were  performed  within  48  hours,  during  which  time 
the  extracts  were  stored  at  4°  C. 

It  was  found  that  the  first  extraction  yields  approximately  57%,  the  second  38%  and 
the  third  5%  of  the  total  enzyme  extractable  from  a  given  amount  of  tissue.  (A  fourth 
extraction  failed  to  yield  further  enzymatic  activity). 

II.  Assay  of  Ilyaluronidase 
A.  Stock  solutions. 

a.  Two  buffers  were  used,  both  made  from  stock  solutions  of  ().5M  sodium  acetate 
and  0.5M  acetic  acid: 

1.  0.5M  acetate  buffer,  pH  4.2  (130  ml.  of  0.5M  sodium  acetate  were  combined 
with  370  ml.  of  0.5M  acetic  acid.) 

2.  0.1  M  sodium  acetate  buffer,  ])H  6.0.  (97  ml.  of  0.5M  sodium  acetate  were 
combined  with  3  ml.  of  0.5M  acetic  acid  and  4.384  gm.  of  sodium  chloride,  and 
diluted  to  a  volume  of  .500  ml.  with  distilled  water;  this  provides  the  buffer 
with  0.1 5M  sodium  chloride,  as  recommended  by  Tolksdorf  (1949)). 

b.  Albumin.  Twenty  gm.  of  “Armour”  bovine  i)lasma  albumin  Fraction  V  were  dis¬ 
solved  in  100  ml.  of  the  0.5M  sodium  acetate  buffer  and  the  pH  of  the  solution 
was  adjusted  to  3.1  with  4N  HCl.  The  solution  was  then  distributed  in  test  tubes 
(30-.50  ml.),  immersed  in  a  boiling  water  bath,  ke|)t  at  this  temi)erature  for  30 
minutes,  and  then  raj)idly  cooled  by  immersing  the  tubes  in  ice  water.  This  solu¬ 
tion  can  be  kept  at  4°  C.  for  3  to  4  weeks. 

c.  Substrate.  The  hyaluronic  acid  was  j)repared  bj-  the  method  described  by  Meyer 
(1947).  The  acid  was  dis.solved  in  O.IM  sodium  acetate  buffer  in  a  concentration 
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of  0.4  niK.  per  ml.  UsiiiK  this  concentration  \ve  obtained  substrate  turbidity  read¬ 
ings  of  1()()-17(),  wliich  were  found  to  be  optimal  for  our  assay  procedure. 

(1.  Hyaluronidase.  Scberins  hyaluronidase-  was  used  as  the  reference  standard.  The 
enzyme  was  dissolved  in  0.  IM  sodium  acetate  buffer  in  a  concentration  of  one 
uiut  j)er  0.1  ml.  of  the  buffer.  This  was  stored  for  not  longer  than  2  weeks  at  4°  C. 
e.  Extract.  Immediately  before  use  the  extract  was  diluted  with  0.1  M  sodium  acetate 
buffer.  The  dilution  factor  had  to  be  established  ex])erimentally  for  each  extract 
sample.  A  dilution  factor  which  jnovided  a  concentration  of  5  to  7  units  of 
hyaluronidase  activity  in  one  ml.  of  the  extract  was  considered  adequate,  since 
this  concentration  was  found  to  be  o])timal  for  the  a.ssay. 

B.  Technique  of  assay.  Determinations  of  hyaluronidase  were  j)erformed  usinj;  a  modifi¬ 
cation  of  the  turbidimetric  method  describe<l  by  Tolksdorf  (1949).  The  testicular 
extracts  were  assayed  for  their  enzymatic  activity  against  the  reference  standard. 

Seven  pairs  of  15  ml.  serolof!;ical  test  tubes  were  used  for  each  assay.  Ai)propriate 
amounts  of  hyaluronic  acid  and  0.1  M  sodium  acetate  buffer  were  placed  in  each  tube, 
and  the  tubes  immersed  in  a  constant  temjjerature  water  bath  which  was  kept  at 


Table  1.  ARRAN(iEME.\T  of  ti  res  used  in  hyali  roxidase  assays 


Tul)c  jiairs 

Substrate 

1‘hizyme 

pH  t)  buffer 

1 

9.5  cc. 

Standard  enzyme 

0.0  cc. 

0.5  cc. 

2 

0.5  cc. 

0. 1  cc. 

0 . 4  cc. 

3 

t).5  cc. 

0.2  cc. 

0.3  cc. 

4 

0.5  cc. 

0.3  cc. 

0.2  cc. 

5 

0.5  cc. 

Extract,  solution 

0 . 1  cc. 

0.4  cc. 

(> 

0.5  cc. 

0.2  cc. 

0.3  cc. 

7 

0.5  cc. 

0.3  cc. 

0.2  cc. 

37°  C.  when  temperature  equilibrium  was  reached,  standard  enzyme  and  extract 
were  added  to  the  respective  test  tubes,  the  solutions  mixed  and  incubated  in  the 
water  bath  for  30  minutes.  Solutions  were  ])laced  in  the  test  tubes  in  the  amounts 
and  combinations  indicated  in  Table  1. 

The  enzymatic  reaction  was  terminated  by  addition  of  3  ml.  of  cold  O.oM  acetate 
buffer  to  each  tube  (Meyer,  1952).  This  was  followed  by  addition  of  1  ml.  of  acidified 
albumin  solution.  The  contents  of  the  tubes  were  mixed  and  turbidity  was  allowed  to 
develop  at  room  temperature  for  30  minutes.  The  develojied  turbidities  were  read  in 
a  Klett-Summerson  colorimeter  usin^  a  blue  filter.  The  colorimeter  was  adjusted  to 
zero  with  a  blank  containiiiK  1  ml.  of  albumin  solution  and  4  ml.  of  0.5  ^I  acetate 
buffer. 

C.  Calculations.  Turbidity  readings  of  samjiles  containin>>:  the  standard  enzyme  were 
jilotted  and  a  standard  curve  obtained.  The  enzyme  concentrations  of  the  extract 
samples  were  determined  by  interpolation  on  the  standard  curve.  The  values  so 
obtained  were  averaged  and  the  total  amount  of  enzyme  in  the  combined  extracts 
determined.  This  value  was  divided  by  the  number  of  grams  of  testicular  tissue  em- 
jiloyed  in  the  extraction.  The  resulting  value  was  the  amount  of  enzyme  jier  gram  of 
wet  testicular  ti.ssue  expressed  in  units  of  Schering  hyaluronidase. 

®  “Hyronase,”  a  brand  of  hj’aluronidase,  was  generously  suiiplied  bj’  Dr.  Edward 

Henderson,  Schering  Corporation,  Bloomfield,  N.J. 
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EXPERIMENTAL 

Hypophysectomized  series  (Table  2,  Figure  1). 

It  is  evident  from  the  curv’e  in  Figure  1  that  the  decrease  in  hyaluronidase 
concentration  follows  closely  the  diminution  in  testicular  weight.  A  signifi¬ 
cant  drop  in  enzyme  concentration  was  observed  on  the  10th  day  following 
hypophysectomy,  the  decrease  following  a  precipitous  course  until  the 
20th  day  when  the  enzyme  concentration  was  20%  of  normal.  During  the 
following  10  days  the  rate  of  diminution  was  less  rapid,  the  enzyme  con¬ 
centration  on  the  30th  day  after  hypophysectomy  being  approximate!}' 
9%  of  normal. 

Histological  studies  revealed  essentially  normal  spermatogenesis  in 
animals  sacrificed  6  days  following  hypophysectomy,  but  definite  changes 
were  present  in  testes  obtained  10  days  after  hypophysectomy  (Fig.  4). 
Although  all  stages  of  spermatogenesis  were  present,  the  tubules  were 
decreased  in  size,  the  number  of  maturing  sperm  appeared  to  be  decreased, 
many  spermatids  were  desquamated  or  pycnotic  and  spermatocytes  showed 
an  apparent  increase  in  numbers.  Related  to  this  the  number  of  spermato- 
cytic  divisions  was  decreased.  This  picture  is  one  of  arrest  or  slowing  of 
maturation  of  the  spermatocytes.  The  Leydig  cells  were  markedly  reduced 
in  numbers. 

Testes  of  animals  sacrificed  15  days  following  hypophysectomy  showed 
very  marked  alteration  of  the  spermatogenic  process.  In  most  tubules 
stages  beyond  secondary  spermatocytes  were  absent  and  some  tubules 
contained  cells  up  to  the  primary  spermatocyte  stage  only.  The  lumens  of 
the  tubules  were  filled  in  most  instances  with  debris  and  sloughed  cells. 
Some  tubules  contained  occasional  scattered  sperm.  The  tubular  diameter 
was  markedly  decreased,  and  Leydig  cells  were  very  atrophic.  In  rats 
sacrificed  20  days  following  hypophysectomy  the  tubules  contained  chiefly 
cells  up  to  the  stage  of  primary  spermatocytes,  although  some  tubules 


Table  2.  Changes  in  hyaluronidase  concentration  in  rat  testes 

FOLLOWING  HYPOPHYSECTOMY 


Days  after 
hypophy¬ 
sectomy 

No.  of 
rats 

No.  of 
assays 

Body  wt., 
gm. 

Testicular  wt., 
mg. 

Hyaluronidase 
content 
units  per  gm. 

6 

8 

4 

210  +  11.5* 

2590+  91 

79.0+5.9 

10 

12 

6 

203+  3.8 

2272+  72 

63.0+6.25 

12 

8 

4 

207+  3.6 

2033+  57 

39.0+9.2 

15 

13 

6 

213+  4.5 

1432+  54 

26.6+4.7 

20 

10 

4 

199+  2.2 

941 +  44 

17.0+4.0 

25 

4 

1 

199 ±  5.6 

655+  50 

14.0+0.0 

30 

8 

3 

201 ±  4.7 

497  ±  .34 

9.7  +  1 .4 

Normal  controls 

Sprague-Dawley 

11 

6 

220  ±  5.8 

2975  ±155 

86.0  +  1.0 

*  Mean  ±  standard  error  of  the  mean. 
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Fig.  1.  Enzj  me  concentration  and  testicular  weights  of  hypophysectomized  rats. 

contained  .secondary  spermatocytes.  ]\Iitotic  activity  was  observed  in 
some  primary  spermatocytes,  whereas  others  appeared  to  be  undergoing 
pycnosis  or  fragmentation.  The  lumens  of  the  tubules  were  commonly  filled 
with  debris  and  in  some  testes  a  few,  apparently  old,  sperm  were  seen. 
Testes  of  animals  sacrificed  25  or  30  days  (Fig.  5)  after  hypophysectomy 
revealed  similar  pictures  except  that  very  few  tubules  contained  cells 
(secondary  spermatocytes)  beyond  the  primary  spermatocyte  stage,  and 
these  cells  frequently  appeared  to  be  abnormal.  The  process  of  spermato¬ 
genesis  to  all  intents  and  purposes  did  not  proceed  beyond  the  primary 
spermatocyte  stage.  Leydig  cells  were  absent  in  these  testes,  as  is  true  of 
others  beyond  15  days  after  hypophysectomy. 

Crypt  orchid  series  (Table  3,  Figure  2) 

The  drop  in  hyaluronidase  concentration  in  testes  from  these  animals 
did  not  follow  closely  the  decrease  in  testicular  weight.  It  is  evident  from 
the  data  that  a  significant  drop  in  hyaluronidase  concentration  occurred 
as  early  as  the  4th  postoperative  day  although  testicular  weights  remained 
within  normal  limits.  Between  the  4th  and  5th  postoperative  day  no  fur¬ 
ther  significant  change  in  hyaluronidase  concentration  occurred,  but  a 
marked  drop  in  testicular  weight  became  evident.  A  precipitous  drop  in 
enzyme  concentration  was  observed  between  the  6th  and  10th  day;  on 
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Fig.  2.  Enzyme  concentration  and  testicular  weights  of  cryptorchid  rats. 

the  latter  daj",  as  well  as  on  the  15th  day,  no  enzyme  (or  only  traces  of  it) 
being  present.  On  the  20th  postoperative  day  enzyme  was  completely' 
undetectible.  Testicular  weight  decreased  significantly  between  the  6th 
and  10th  postoperative  days,  leveling  off  after  the  10th  day  with  little 
further  change  evident  on  the  20th  day. 

Changes  in  the  histological  picture  of  the  testes  of  cryptorchidized  rats 
could  be  detected  already  on  the  second  postoperative  day.  Although  most 
tubules  contained  mature  sperm  and  all  other  stages  of  spermatogenesis, 
some  tubules  showed  marked  sloughing  of  cells  of  all  stages  except  sperma¬ 
togonia.  Mitotic  activity  in  the  primary  spermatocytes  appeared  to  be 
depressed,  with  virtually  no  normal  mitoses  being  seen.  Testes  of  animals 
sacrificed  on  the  4th  postoperativ'e  day  (Fig.  6)  rev'ealed  progressiv'e  dam¬ 
age  of  the  type  described,  some  tubules  containing  no  cells  beyond  pri- 


Table  3.  Effect  of  cryptorchidism  on  hyah  ronidase  concentration  in  rat  testes 


Days  after 
operation 

No.  of 
rats 

No.  of 
assays 

Body  wt., 
gm. 

Testicular  wt., 
mg. 

Hyaluronidaso 
content, 
units  per  gm. 

2 

5 

3 

342+20* 

3350+  81.0 

76.0+5.6 

4 

6 

5 

.359  +  17 

3207+242.0 

49.0+6.3 

6 

12 

5 

.335  ±31 

1925±118.0 

46.0+2.9 

8 

3 

3 

283+  7 

1541+  17.4 

17.3  +  1.2 

10 

8 

3 

302  + 10 

1413 ±  80.0 

Traces  — >0 

15 

4 

2 

413+35 

1542+  56 

Traces— >0 

20 

4 

1 

227  +  11 

1281  ±129 

0 

Normal  controls 

(Long-Evans) 

35 

18 

391  ±37 

3150  ±165 

87.2±5.0 

*  Mean  ±  Standard  error  of  the  mean. 
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Fig.  3.  a)  laizyine  concentriition  and  testicular  weights  of  estradiol  treated  rats,  b) 
I’inzyine  concentration  and  testicular  weif^lits  of  diethylstilhestrol  treated  rats. 


mary  spermatocytes,  while  others  appeared  to  he  essentially  unchanged 
with  maintenance  of  orderly  spermatogenesis.  In  tubules  where  primary 
spermatocytes  showed  mitotic  activity  this  process  appeared  abnormal. 
The  most  .seriously  damaged  tubules  showed  a  peculiar  vacuolatlon  cen¬ 
tered  chiefly  in  areas  occupied  by  primary  spermatocytes.  Leydig  cells 
appeared  normal. 

On  the  Gth  postoperative  day  there  was  marked  sloughing  of  the  germinal 
epithelium  in  the  majority  of  tubules,  including  frequently  even  the  pri-. 
mary  spermatocytes.  The  lumens  were  filled  with  cellular  debris,  sloughed 
germinal  cells,  giant  cells,  and  sperm  in  various  stages  of  maturation. 
primary  spermatoc*yte  layer  contained  large  vacuoles  and  normal  mitos^ 
could  not  be  detected.  Occasional  tubules  appeared  relativ'ely  unaffected, 
but  these  were  exceptional.  Leydig  cells  appeared  to  be  increa.sed  in  num¬ 
bers  and  marked  intertubular  edema  was  evident.  On  the  8th  postopera¬ 
tive  day  the  tubules  appeared  to  be  affected  more  uniformly,  most  of  them 
containing  Sertoli  cells,  spermatogonia  and  primary  spermatocytes,  but 
no  advanced  stages.  The  lumens  of  some  tubules  contained  ma.s.ses  of 
sloughed  germinal  elements,  including  mature  sperm,  and  giant  cells.  In 
animals  sacrificed  ten  days  after  the  operation  (Fig.  7)  the  .seiliiniferous 
tubules  contained  only  Sertoli  cells,  spermatogonia  and  occasional  sper¬ 
matocytes,  except  for  some  tubules  which  had  lumens  filled  with  debris 
and  degenerated  germinal  cells.  (Mature  sperm  free  in  the  lumens  or  at- 
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Platk  I 

Fig.  4.  Testis  from  a  rat  sacrificed  10  days  after  hypophysectomy.  XI 15. 

Fig.  5.  Testis  from  a  rat  sacrificed  30  days  after  hypophysectomy.  XI 15. 

Fig.  6.  Testis  from  cryptorchid  rat  sacrificed  4  days  after  the  operation.  XI 15. 
Fig.  7.  Testis  from  cryptorchid  rat  sacrificed  10  days  after  the  operation.  XI 15. 
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tached  to  Sertoli  cells  were  seen  occasionally.  Intertubular  edema  was 
evident.  On  the  15th  postoperative  day  the  histological  condition  was 
quite  similar  to  that  seen  after  10  days.  It  is  noteworthy  that  a  number  of 
mature  sperm  attached  to  the  Sertoli  cells  could  still  be  detected.  On  the 
20th  day  most  of  the  tubules  contained  Sertoli  cells,  a  few  spermatogonia 
and  occasional  primary  spermatocytes.  The  lumens  were  empty,  the 
sloughed  elements  having  been  lost  by  passage  out  of  the  testes.  Inter¬ 
tubular  edema  was  usually  pronounced.  Leydig  cells  showed  the  abun¬ 
dance  commonly  noted  in  the  cryptorchid  condition. 

Estrogen  series  (Table  4) 

In  these  experiments  animals  were  divided  into  two  major  groups.  One 
was  treated  with  daily  subcutaneous  injections  of  200  /ig.  a-estrodiol  in 
oil  (Fig.  3a),  the  other  group  with  daily  injections  of  1  mg.  diethylstilbes- 
trol  in  oil  (Fig.  3b). 

The  enzyme  concentration  curve  of  a-estradiol-treated  rats  followed 
clo.sely  that  of  corresponding  testicular  weights,  a  significant  drop  in 
enzyme  concentration  occurring  on  the  loth  day  of  treatment.  The  most 
rapid  decrease  was  observed  between  the  20th  and  25th  day  and  on  the 
30th  day  only  traces  of  the  enzyme  were  present  (Fig.  3a). 

The  curves  for  enzyme  concentration  and  corresponding  testicular 
weights  in  diethylstilbestrol  treated  animals  were  comparable  to  those 
seen  in  animals  injected  with  a-estradiol  (Fig.  3b),  the  small  differences 
being  probably  of  no  significance. 

Histological  pictures  were  essentially  the  same  in  both  groups,  the 


Table  4.  Effect  of  estrocen  treatment  on  hyah  romdase 

CONCENTRATION  IN  RAT  TESTES 


Days 

treated 

No.  of 
rats 

No.  of  Body  \vt., 

assays  gm. 

Testicular  \vt., 
mg. 

Hyaluronidase 
content, 
units  per  gm. 

a-Estradiol,  200  mK-  daily 

10 

5 

3 

205+  5* 

2730+  70 

88.0  +  1.9 

15 

12 

() 

204  +  12.4 

1983  +  121 

03.0+4.3 

20 

7 

5 

280+  5.0 

1793  +  100 

55.2+5.5 

25 

12 

4 

.304+  7 

800+  28 

18.2  +  1.7 

30 

5 

1 

282  +  12 

831  +  5.5 

Traces 

Diethylstilbestrol  1.0 

mg.  daily 

12 

4 

3 

207  +  7.5 

2305  + 104 

90.0+2.9 

15 

4 

3 

300  +  18.7 

2053  +  1.54 

.52.0+5.2 

20 

4 

3 

295  +  15.4 

1430+212 

,50.0+2.2 

30 

4 

4 

278+  4.8 

018+  34 

12.0  +  1.2 

Normal  controls  (Long-Evans) 

— 

35 

18 

.391  ±37 

31.50  +  105 

87.2+5.0 

*  Mean  ±  Standard  error  of  the  Mean. 
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Table  5.  Kkfects  ok  testosterone  propionate  and  o-estradiol  on  testictlar 

HYALI  RONIDASE  I’ONCENTRATION  IN  NORMAL  AND  HYPOPH YSECTOMIZED  RATS 


Treatment 

No.  of 

No.  of 

Body  wt.. 

Seminal  vesicles 
wt.,  IllfC. 

llyaluronidasi* 

Prostatic  Testicular  content. 

rats 

assays 

Rin. 

Full  Empty 

-  wt.,  mg.  wt.,  mg.  units  p(‘r 

Rm. 

Normal  rats  (LonK-Kvans  strain) 


2  m(s.  T.l’.  twice  a  week 

for  4  weeks  9  4  350 ±18*  936  ±  50  336 ±15  (■><i6±2I  2750  ±  58  79.0 ±4. 8 

10  111(1.  T.P.  daily  for  3 

weeks  4  3  302±I3  I505  ±  82  5I2±30  635±47  2823±  43  89.3±5.5 

10  iii(t.  T.l*.  daily  for  4 

weeks  8  4  327±22  I575±6I  530  ±22  8I9±3I  28I0±  49  9I.0±3.0 

Non-treated  controls  35  18  39I±37  782±8I  321  ±  18  510±29  3I50±I65  87.2±5.0 


Hypophysectoinixed  rats  (Spranue-Dawley  strain) 


2  m(t.  T.P.  daily  for  12 


days 

2  111(5.  T.P.  daily  for  20 

4 

3 

200  ±  5 

745  ±  28 

312  ±34 

298  ±21 

27.35  ±,33 

91.0±1.0 

days 

2  111(5.  T.P.  daily  for  40 

3 

3 

2C5±  8 

1190±68 

440  ±  28 

601  ±40 

2770 ±  41 

82.0±6.1 

days 

2  111(5.  T.P.  daily  for  20 

4 

3 

198  ±  4 

1362  ±53 

457  ±.35 

987  ±  34 

2247 ±  28 

88.0±4.2 

days,  and 2  iii(5.  T.P.  and 

100  lift,  a-estradiol  daily 
for  another  20  days 

4 

3 

200  ±  7 

1696  ±  48 

526  ±  25 

1136  ±48 

2430  ±  .30 

91 .0±2.8 

•  Mean  ±  .Standard  error. 


earliest  changes  of  significance  occurring  on  the  15th  day  of  treatment. 
At  this  time  Leydig  cells  were  atrophic,  mitotic  activity  of  the  sperma¬ 
tocytes  was  decreased,  sperm  maturation  was  markedly  reduced  and  num¬ 
bers  of  pycnotic  spermatocytes  and  spermatids  were  evident.  On  the  2()th 
day  of  treatment  the  germinal  epithelium  showed  further  alteration  marked 
by  widespread  arrest  of  spermatogenesis  at  the  primary  spermatocyte 
stage  with  occasional  tubules  only  showing  secondary  spermatocytes. 
Testes  of  animals  sacrificed  on  the  30th  day  of  treatment  revealed  general¬ 
ized  spermatogenic  arrest  at  the  stage  of  primary  spermatocytes  so  that 
most  of  the  tubules  contained  no  elements  beyond  primary  spermatocytes. 
Occasional  tubules  showed  a  few  secondary  spermatocytes,  spermatids 
and  sperm  being  completely  absent.  Many  tubules  presented  a  decreased 
number  of  normal  primary  spermatocytes,  together  with  numerous  pycnot¬ 
ic,  multinucleated  and  otherwise  abnormal  cells.  The  tubules  were 
markedly  decreased  in  size  and  functional  Leydig  cells  were  absent. 

Testosterone  series  (Table  5,  Figs.  8-11). 

Testosterone  propionate  (T.P.)®  was  administered  subcutaneously  to 
normal  adult  males  in  doses  from  2  mg.  twice  weekly  to  10  mg.  per  day  for 
periods  of  time  ranging  from  10  to  45  days.  The  .series  in  which  the  dose 
was  2  mg.  twice  weekly  was  examined  to  duplicate  Riisfeldts  studies. 
Hypophysectomized  rats  received  2  mg.  T.P.  per  daj'  for  12,  20  and  40 
days  respectively.  One  group  of  hypophysectomized  animals  was  treated 

®  We  should  like  to  acknowledge  the  kindness  of  Dr.  Robert  Gaunt  of  Ciba  Pharma¬ 
ceutic  Products,  Summit,  N.J.,  for  furnishing  the  testosterone  propionate  and  a-estradiol 
used  in  these  .studies. 
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Platk  II 

Fig.  S.  Xorniiil  adult  rat  te.stis.  XI 15. 

Fig.  9.  Testis  of  normal  adult  rat  treated  with  10  mg.  T.P.  daily  for  4  weeks.  XI 15. 
Fig.  10.  Testis  of  hypophysectomized  rat  treated  with  2  ms.  T.P.  daily  and  sacrificed 
40  days  after  hyjiophysectoiny.  XI 15. 

Fig.  11.  Testis  of  hypophysectomized  rat  treated  with  2  mp;.  T.P.  daily  for  20  days, 
and  2  mg.  T.P.  and  100  estradiol  daily  for  another  20  days.  XI 15. 
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with  2  mg.  T.P.  per  day  for  20  days,  and  for  an  additional  20  days  with 
T.P.  and  100  fxg.  a-estradiol  per  day. 

The  enzyme  concentration  in  testes  of  normal  rats  treated  with  T.P. 
remained  in  all  cases  within  normal  limits  (Table  5)  and  the  same  was  true 
when  hypophysectomized  rats  were  giv'en  T.P.  The  addition  of  estradiol 
did  not  alter  the  effect  of  T.P.  on  enzyme  concentration  (Table  5)  in  hypo- 
phy.sectomized  rats.  The  effectiveness  of  the  doses  of  T.P.  can  be  judged 
further  by  the  increased  weight  of  the  accessory  organs  (Table  5). 

Histological  studies  of  the  testes  in  T.P.  treated  intact  rats  revealed 
no  significant  changes  in  tubular  morphology  and  spermatogenesis  (Figs. 

8  and  9).  The  Leydig  cells  were  decreased  in  numbers  or  completely  ab¬ 
sent,  depending  on  the  dose  of  T.P.  and  length  of  treatment.  The  testes 
of  hypophysectomized  animals  (Fig.  10)  were  adequately  maintained  on 
the  dose  of  T.P.  employed  and  the  addition  of  estrogen  to  T.P.  had  no 
effect  on  the  histological  picture  (Fig.  11). 

DISCUSSION 

That  hyaluronidase  concentration  in  rat  testes  is  related  to  the  func¬ 
tional  status  of  the  germinal  epithelium  has  been  shown  by  several  in¬ 
vestigators,  but  any  attempt  to  integrate  these  studies  has  been  seriously 
hampered  because  of  the  widely  different  methods  employed  in  enzyme 
estimation.  Thus  Sprunt  et  al.  (1938)  utilized  a  biological  method,  Leonard 
ct  al.  (1946,  1948)  a  turbidimetric,  Riisfeldt  (1949a  and  b)  a  viscosimetric 
and  Greif  (1954)  a  colorimetric  method  of  assaying  enzyme  levels.  At  the 
present  time  there  is  no  way  of  comparing  satisfactorily  the  results  ob¬ 
tained  by  the  use  of  these  various  methods  of  hyaluronidase  assay.  Further¬ 
more,  the  fact  that  markedly  different  methods  of  enzyme  extraction  were 
utilized  by  these  investigators  provides  additional  complications  since  the 
amount  of  enzyme  recovered  varies  greatly  with  each  method.  Indeed, 
some  of  the  procedures  appear  to  have  been  quite  inefficient  in  obtaining 
adequate  samples  of  the  enzyme. 

In  the  present  studies  we  have  taken  care  to  employ  uniform  assay  and 
extraction  procedures  throughout.  We  believe  that  this  provides  a  more 
justifiable  basis  for  comparing  the  effects  of  various  experimental  condi¬ 
tions  on  the  level  of  testicular  hyaluronidase.  The  extraction  procedure  is 
simple,  eliminates  to  a  high  degree  the  loss  of  enzyme  that  may  have  oc¬ 
curred  with  other  extraction  procedures  and  provides  for  satisfactorily 
reproducible  results. 

In  testes  from  hypophysectomized  rats  Leonard  et  al.  (1948)  reported  a 
significant  drop  of  hyaluronidase  concentration  by  the  24th  day  after 
hypophysectomy.  This  observation  would  seem  to  suggest  that  a  drop 
in  enzyme  concentration  does  not  occur  until  hypophysectomy  imposed 
atrophy  of  the  germinal  epithelium  is  far  advanced  since  it  is  possible 
to  recognize  definite  microscopic  clianges  by  the  10th  da}'  after  hypophy- 
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sectomy.  In  our  studies  it  was  possible  to  demonstrate  a  significant  drop 
in  enzyme  concentration  as  early  as  the  10th  day  after  pituitary  removal, 
an  obseivation  which  correlates  well  with  the  histologic  picture  of  early 
but  definite  damage  to  the  germinal  epithelium.  At  this  time  all  stages 
of  the  spermatogenic  process  are  present,  but  the  lack  of  gonadotrophic 
factors  is  manifested  by  reduction  in  the  number  of  maturing  sperm 
and  of  normal  cells  beyond  the  primary  spermatocyte  stage.  This  would 
suggest  that  the  more  advanced  stages  are  more  closely  related  to  hy- 
aluronidase  formation  than  are  spermatogonia  and  primary  spermato¬ 
cytes.  The  gradual  decrease  of  the  enzyme  content  subsequent  to  the 
10th  day  paralleled  the  diminution  in  testicular  weight  as  well  as  the 
progressive  loss  of  all  cells  beyond  primary  spermatocytes.  This  may  be 
regarded  as  substantiating  evidence  for  relating  hyaluronidase  production 
to  the  advanced  stages  of  spermatogenesis,  but  can  hardly  be  regarded 
as  conclusive  proof  since  the  presence  of  intact  and  apparently  normal 
spermatogonia  and  primary  spermatocytes  does  not  necessarily  indicate 
that  the  metabolic  processes  of  these  cells,  including  the  possible  produc¬ 
tion  of  enzymes,  were  unimpaired. 

Treatment  with  estrogen  produces  effects  both  on  enzyme  content  and 
testicular  histology  similar  to  those  seen  in  hypophysectomized  animals, 
except  that  the  changes  occurred  a  few  days  later.  This  is  not  surprising 
since  the  result  of  such  treatment  is  in  effect  a  physiological  hypophy- 
sectomy  in  so  far  as  the  production  of  gonadotrophic  homones  is  con¬ 
cerned.  It  is  to  be  expected  that  suppression  of  gonadotrophin  secretion 
by  estrogen  would  require  a  few  days  as  compared  to  its  abrupt  termination 
in  hypophysectomized  animals.  There  is  no  reason  to  believe  that  estrogen 
per  se  has  a  direct  effect  on  the  production  of  hyaluronidase.  Indeed,  pres¬ 
ent  observations  in  animals  treated  with  both  estrogen  and  androgen 
offer  evidence  to  the  contrary. 

Cryptorchidism  produces  testicular  damage  much  more  rapidly  than 
does  hypophysectomy  or  treatment  with  estrogens.  Thus  we  were  able  to 
detect  a  significant  drop  in  enzyme  concentration  on  the  4th  postoperative 
day,  this  corresponding  to  definite  histologic  changes  in  the  germinal  epi¬ 
thelium.  These  changes  affect  some  tubules  more  rapidly  than  others 
during  the  first  week  after  operation,  but  even  on  the  4th  day  many  tubules 
show  considerable  sloughing  of  cells  down  to  spermatocytes  and  a  lack  of 
normal  meiotic  activity  in  the  latter  cells.  These  defects  soon  appear  in 
all  tubules  so  that  following  the  15th  day,  by  when  hyaluronidase  had 
disappeared,  the  cellular  population  of  the  tubules  is  confined  to  sperma¬ 
togonia,  Sertoli  cells  and  reduced  numbers  of  primary  spermatocytes. 
I^eydig  cells  appear  to  be  quite  normal  in  all  respects. 

Riisfeldt  (1949a)  employing  a  viscosimetric  method  of  hyaluronidase 
determination,  reported  an  increase  in  the  amount  of  testicular  hyaluroni¬ 
dase  and  stimulation  of  the  spermatogenic  process  in  intact  adult  rats  fol- 
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lowing  testosterone  propionate  treatment.  We  have  not  been  al)le  to  re¬ 
produce  Riisfeldt’s  results  in  any  respect.  After  treatment  with  T.P.  not 
only  did  the  concentration  of  enzyme  remain  unchanged,  but  the  sperma- 
togenic  process  showed  no  evidence  of  stimulation.  The  testes  of  hypo- 
phy.sectomized  rats  treated  with  T.P.,  were  maintained  at  essentially 
normal  weights,  exhibited  normal  .spermatogenesis  and  contained  con¬ 
centrations  of  enzyme  entirely  comparable  to  those  found  in  normal  rats. 
We  have  no  explanation  for  the  discrepancy  between  our  results  and  those 
of  Riisfeldt,  particularly  in  view  of  some  recent  preliminary  studies  in 
which  we  have  examined  the  enzyme  content  of  testes  from  T.P.  treated 
rats  as  measured  by  the  viscosimetric  method  described  and  used  by 
Riisfeldt.  No  change  in  enzyme  levels  was  detected  in  that  study. 

On  the  whole  the  evidence  provided  by  these  studies  would  suggest  that 
the  Sertoli  cells,  the  Leydig  cells,  spermatogonia  and  primary  spermato¬ 
cytes  are  less  likely  to  be  of  primary  importance  to  the  production  of 
hyaluronidase  than  are  the  .secondary  spermatocytes,  spermatids  and 
sperm,  since  reduction  in  the  numbers  of  these  latter  cells  in  various  ex¬ 
perimental  states  coincides  with  the  drop  in  level  of  the  enzyme. 

Sertoli  cells  retain  at  least  morphologic  normality  in  each  of  the  several 
experimental  conditions  and  seem  to  have  little  if  any  direct  relationship 
to  hyaluronidase  production.  The  same  seems  true  for  the  Leydig  cells 
since  their  condition  bore  no  relationship  to  the  levels  of  enzyme.  In  ani¬ 
mals  of  the  cryptorchid  series  they  were  morphologically  and  functionally 
normal,  whereas  in  hypophysectornized  and  estrogen-treated  animals  they 
were  atrophic.  In  each  of  these  groups  hyaluronidase  levels  were  low.  Of 
even  greater  .significance  was  the  absence  of  Leydig  cells  in  normal  and 
hypophysectornized  animals  treated  with  T.P.,  since  in  each  of  these  groups 
enzyme  concentration  was  normal. 

8permatoginia,  while  not  immune  to  the  various  experimental  proce¬ 
dures  u.sed  in  this  study,  appear  to  be  unlikely  sites  of  hyaluronida.se  pro¬ 
duction,  since  their  presence  is  constant  in  all  of  these  conditions.  Further¬ 
more,  it  has  been  ob.serv’ed  (Riisfeldt,  1949a)  that  hyaluronidase  is  ab.sent 
from  the  testes  of  rats  until  spermatogenesis  proceeds  beyond  the  sperma¬ 
togonium  stage. 

It  is  more  difficult  to  dismiss  the  primary  spermatocyte  as  an  important 
factor  in  the  production  of  hyaluronidase.  Although  these  cells  are  present 
in  all  of  the  conditions  we  hav'e  studied  here,  regardless  of  the  level  of 
enzyme,  it  is  not  possible  to  ignore  the  fact  that  the  important  meiotic 
process  is  interfered  with  by  cryptorchidism,  hypophysectomy  and  estrogen 
treatment  and  that  other  functions  of  the  sermatocyte  also  may  suffer. 
Other  experiments  and  observations  must  be  made  to  provide  critical 
information  on  this  point. 

The  remaining  three  cell  types,  secondary  spermatocytes,  spermatids 
and  spermatozoa,  appear  to  have  a  closer  relationship  to  hyaluronidase 
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production  since  it  is  tliese  cells  that  become  less  prominent  as  the  level  of 
hyaluronidase  decreases.  Of  the  three  the  secondary  spermatocytes  prob¬ 
ably  can  be  dismissed  more  readily  than  the  other  two.  Their  life  is  short, 
a  very  brief  interval  between  an  origin  from  primary  spermatocytes  and  a 
division  to  foim  spermatids,  and  it  is  not  likely  that  they  serve  an  im¬ 
portant  function  in  the  production  of  the  enzyme.  It  is  worth  remember¬ 
ing,  too,  that  in  hypophysectomized  and  estrogen-treated  animals  secon¬ 
dary  spermatocytes,  although  much  reduced  in  numbers,  are  not  com¬ 
pletely  absent  although  the  enzyme  content  is  reduced  es.sentially  to  zero. 

On  the  basis  of  the  evidence  at  hand  the  spermatid  seems  to  be  the 
testicular  cell  that  has  the  most  significant  role  in  the  production  of 
hyaluronidase.  The  most  marked  decreases  in  enzyme  levels  in  our  ani¬ 
mals  occurred  at  times  when  spermatid  formation  and  metamorphosis 
sulTered  significant  impairment.  Furthermore,  the  spermatid  has  a  rela¬ 
tively  long  period  of  existence  during  its  metamorphosis  into  a  sperma- 
toziion. 

Spermatozoa  are  simply  the  product  of  spermatid  metamorphosis  and 
under  normal  circumstances  are  detached  rapidly  from  the  Sertoli  syn¬ 
cytium  to  be  carried  to  the  epididymis.  It  would  appear  unlikely  that  the 
mature  spermatozoon  is  intimately  related  to  the  actual  formation  of 
testicular  hyaluronidase. 

.Vlthough  it  would  seem  that  the  spermatid  probably  plays  the  most 
significant  role  in  the  production  of  the  enzyme,  it  will  be  necessary  to 
assess  other  testicular  conditions  to  provide  essential  and  critical  informa¬ 
tion  before  a  more  than  tentative  conclusion  can  be  made. 

SUM.\I.\HY 

A  method  of  extraction  and  assay  of  testicular  hyaluronidase  has  been 
described  and  used  in  the  determination  of  enzyme  levels  in  testes  of  rats 
under  several  experimental  conditions. 

ITilizing  these  procedures,  testes  of  normal  adult  rats  were  found  to 
contain  87.2  ±o.()  units  per  gram. 

After  hypophysectomy  the  enzyme  content  showed  an  initial  decrease 
on  the  lOth  day  and  reached  a  low  value  of  9.7  ±1.4  units  per  gram  on  the 
:i()thday. 

The  enzyme  content  of  experimentally  cryptorchid  testes  diminished 
significantly  by  the  4th  day  after  the  operation  and  was  substantially 
zero  by  the  10th  day. 

The  hyaluronidase  levels  of  testes  from  rats  treated  with  estradiol  or 
diethylstilbestrol  showed  an  initial  decrease  on  the  loth  day  and  reached 
or  approached  zero  by  the  30th  day. 

Testosterone  propionate  did  not  alter  the  levels  of  enzyme  in  normal 
animals,  but  did  maintain  normal  levels  in  hypophysectomized  and  hypo- 
physectomized-estrogen-treated  rats. 
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The  histological  condition  of  testes  in  the  various  experimental  states 
has  been  described  and  an  attempt  has  been  made  to  relate  hyaluronidase 
production  to  specific  cellular  constituents  of  the  testes. 
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EFFEC^T  OF  PROPYLTHIOURAC^IL  ON  THE  RATIO 
OF  THE  RADIOIODIDE  CX)NCEXTRATIOXS  IX 
THYROID  GLAND  AND  SERUM  IX  NOR¬ 
MAL  AND  HYPOPHYSECTOMIZED  RATS 

SEYMOUR  H.  WOLLMAN  and  ROBERT  O.  SCOW 

Xationnl  Cancer  Institute  and  Xatiorial  Institute  of  Arthritis  and  Metabolic  Diseases^ 

liethesda,  Maryland 

Recent  studies  by  Wollman  and  Scow  (1953)  on  mice  indicated 
,  that  when  binding  of  iodine  was  l)locked  bj’  a  single  injection  of 
propylthiouracil  the  ratio  of  the  radioiodide  concentrations  in  the  thyroid 
gland  and  serum  (T  S  ratio)  was  greater  than  when  binding  was  permitted. 
This  paper  reports  similar  data  for  normal  and  hypophysectomized  rats. 

METHODS 

Experiments  were  performed  on  male  Holtzman  rats,  3  months  of  age.  The  rats  were 
fed  a  lactating  diet*  (Scow,  1953)  since  weaning.  The  iodine  content  of  this  diet  was  not 
measured.  It  was  not  low  enough  to  cause  thyroid  enlargement  (Table  1),  but  was  low 
enough  to  jdeld  rats  with  active  thyroids  as  evidenced  by  high  radioiodine  uptakes  and 
high  T/S  ratios.  Rats  were  30  days  of  age  when  they  were  hyi)oi)hysectomized  through 
the  parai)haryngeal  ai)i)roach.  C'omj)leteness  of  hypojjhysectomy  was  ascertained  by 
visual  inspection  of  the  region  of  the  sella  turcica  for  pituitary  fragments  using  a  binocu¬ 
lar  microscope  at  9  X  magnification. 

The  T  S  ratio  was  measured  by  methods  similar  to  those  described  earlier  in  the 
studies  on  mice  with  the  exception  of  a  few  details.  One  hour  before  radioiodide  injection 
normal  rats  were  given  10  mg.  of  i)ropylthiouracil  and  hypophysectomized  rats  were 
given  5  mg.  to  block  binding.  Twenty /ac.  of  radioiodide'’  were  injected  intrai)eritoneally. 
Samples  of  thyroid  and  blood  were  obtained  from  normal  rats  at  one  hour  after  radio¬ 
iodide  injection  and  from  hypophysectomized  rats  at  two  hours.  Homogenates  of  thy¬ 
roid  glands  were  deproteinized  using  0.4  ml.  each  of  the  Ba(OH)2  and  ZnS()4  reagents. 
Radioiodine  content  of  all  samples  was  measured  by  gamma  counting  using  well-tyi)e 
Geiger  counters. 

RESULTS 

The  thyroid  uptake  of  P^'  iii  animals  not  treated  with  propylthiouiacil 
was  approximately  4.7  %  of  the  dose  in  normals  at  one  hour  after  radio- 

Received  for  publication  October  11,  1954. 

*  National  Institutes  of  Health,  Public  Health  Service,  Department  of  Health, 
Education,  and  Welfare. 

*  Composition  of  diet:  Ground  whole  wheat,  67.5%;  casein  (crude),  15%;  whole  milk 
powder,  10%;  cottonseed  (Wesson)  oil.  5.25%;  CaCOa,  1.5%;  NaCl  (reagent),  0.75%; 
Natola  (Parke,  Davis  and  Co.),  212.5  mg.  kg.  diet  (supplying  11,770  USP  units  Vitamin 
A  and  2,340  USP  units  Vitamin  D  kg.  diet);  and  50  mg.  Vitamin  E  kg.  diet. 

®  The  carrier-free  P®*  was  obtained  from  the  Oak  Ridge  National  Laboratory,  Oak 
Ridge,  Tennessee. 
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iodide  injection  and  0.22%  in  hypophysectomized  rats  at  two  hours.  Tlie 
1*®*  content  of  the  thyroids  of  animals  given  propylthiouracil  was  approx¬ 
imately  2o%  of  that  of  their  control  animals. 

In  rats  in  which  binding  of  iodine  was  permitted  the  radioiodide  was 
only  a  small  fraction  of  the  total  I*®'  in  the  thyroid  (Table  1).  In  both  nor¬ 
mal  and  hypophysectomized  rats  the  T/S  ratio  was  much  larger  when 
organic  binding  of  iodine  was  blocked  by  propyl!  hiouracil  than  when 
binding  was  permitted  (Table  1). 

DISCUSSION 

The  present  values  for  the  ratio  of  radioiodide  content  to  protein- 
bound  content  of  the  thyroid  are  in  fairly  good  agreement  with  earlier 
data  by  Albert  and  Lorenz  (1951).  The  small  differences  are  prol»ably 
largely  due  to  the  use  of  different  deproteinizing  agents  and  to  the  differ¬ 
ent  time  intervals  investigated. 

The  T/S  ratio  in  normal  rats  when  binding  was  blocked  by  a  single  dose 
of  propylthiouracil  (145)  is  considerably  higher  than  the  value  (25)  usu¬ 
ally  reported  by  others  (VanderLaan  and  VanderLaan,  1947;  Ilalmi, 


Table  1.  The  debexdexce  ok  the  T/S  ratio  ox  a  .sixoi.e  ixjectiox  ok 

I’ROl’YI.THIOrRAtTI.  IX  XORMAL  AXU  HYI'OI'HYSECTO.MIZED  RATS 


Groiij) 

Xum- 
IxT  of 
rats 

Dosp  of 
propyl¬ 
thiouracil, 
mg. 

Rat 

weight, 

KRi. 

Thyroid 

weiuht. 

niK- 

T/S 

Radioiodidc 

Organic  1*’* 

Xonnal 

(> 

If) 

241  ±41' 

14.8±2.1' 

145±iU 

— 

(i 

0 

274  ±24 

lf).0±1.4 

12.7±0.7 

0.020  ±0. OOP 

Hypophy- 

0 

.5 

1)4  ±4 

5.9+0.!) 

8.0  ±1  .5 

— 

siM-toniizp  1 

h 

1) 

101  ±1) 

(>.  1  ±  1  .8 

1  .01  ±0.0!) 

0.202  ±0.008 

'  Staiulard  deviation. 
*  Standard  error. 


1954).  This  discrepancy  may  be  due  to  differences  in  the  iodine  content  of 
the  diets  used.  The  T  S  ratio  in  hypophysectomized  rats  when  binding  was 
blocked  by  a  single  dose  of  propylthiouracil  appears  to  be  in  good  agree¬ 
ment  with  earlier  measurements  by  Greer  (1949)  and  Halmi  (1954). 

A  large  increase  in  T  S  ratio  occurred  when  binding  was  blocked  with 
propylthiouracil.  This  effect  is  similar  to  that  in  the  mouse  (Wollman  and 
Scow,  1953)  and  suggests,  as  in  the  mouse,  that  the  binding  of  thyroid 
iodide  is  a  relatively  fast  process  and  that  equilibration  of  radioiodide 
between  blood  and  thyroid  gland  is  rate-limiting  for  accumulation  of  radio¬ 
iodine  by  the  thyroid  gland  (Wollman  and  Scow,  1953;  Wollman,  1954). 

When  binding  was  permitted  the  T/S  ratio  (using  radioiodide)  in  nor¬ 
mal  rats  (12.7)  was  only  1  40  of  the  corresponding  ratio  for  stable  iodide 
(500)  previously  reported  by  Taurog,  Tong,  and  Chaikoff  (1951).  The  dif¬ 
ference  in  these  values  does  not  appear  to  be  due  to  differences  in  the 
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pliysiological  state  of  the  thyroid  glands  in  the  animals  being  compared. 
In  particular,  the  thyroid  glands  of  the  rats  studied  In'  Taurog,  Tong,  and 
Chaikoff  (1951)  with  maximum  P®*  uptakes^  of  10  to  15%  would  appear  to 
be  less  active  than  those  of  the  present  rats.  The  large  difference  between 
the  ratio  of  the  stable  iodide  concentrations  in  thyroid  gland  and  serum 
and  the  corresponding  ratio  for  radioiodide  might  imply  that  in  the  thyroid 
gland  there  is  a  considerable  amount  of  iodide  which  is  not  freely  exchange¬ 
able  with  blood  iodide.  The  value  of  the  T  S  ratio  using  radioiodide  is 
probably  a  reliable  mea.sure  of  the  freely  exchangeable  iodide.  Its  low  value 
cannot  be  attributed  to  incomplete  equilibration  since  the  freely  exchange¬ 
able  iodide  compartment  has  undoubtedly  equilibrated  with  the  blood 
iodide  as  evidence  by  the  large  ratio  of  protein-bound  to  radioiodide  in 
the  thyroid  at  one  hour  after  injection  of  radioiodide  (Table  1).  On  the 
other  hand,  the  measurement  of  the  ratio  using  stable  iodide  may  be  too 
high  becau.se  of  the  inherent  analytical  difficulty  associated  with  the 
determination  of  small  amounts  of  iodide  in  the  presence  of  very  large 
amounts  of  iodine-containing  compounds  which  are  slightly  unstable.  This 
same  analytical  difficulty  is  inherent  in  direct  attempts  to  demonstrate  with 
radioiodide  a  slowly-exchangeable  iodide  compartment  in  the  thyroid 
gland.  It  would  appear  unsafe  to  conclude  at  pre.sent  that  a  slowly  ex¬ 
changeable  iodide  compartment  exists. 

SUMMARY 

In  both  normal  and  hypophysectomized  rats  the  ratio  of  the  radioiodide 
concentrations  in  thyroid  gland  and  serum  (T  S  ratio)  was  much  higher 
when  organic  binding  of  iodine  was  blocked  by  a  single  dose  of  propyl¬ 
thiouracil  than  when  binding  was  permitted.  This  was  considered  evidence 
that  the  rate  of  equilibration  of  radioiodide  between  thyroid  gland  and 
blood  was  rate-limiting  for  the  over-all  accumulation  of  by  the  thyroid. 
When  binding  was  permitted  the  T  S  ratio  (using  radioiodide)  was  only 
1  40  of  that  reported  for  the  corresponding  ratio  for  stable  iodide. 
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EFFECT  OF  VARIOUS  GOITROGENS  AND  OF  DOSE  OF 
PROPYLTHIOURACIL  ON  THE  RATIO  OF  RADIOIODIDE 
CONCENTRATIONS  IN  THE  THYROID  GLAND 
AND  SERUM  IN  MICE 

SEYMOUR  H.  WOLLMAN  and  ROBERT  O.  SCOW 

Xational  Cancer  Institute  and  Xational  Institute  of  Arthritis  and  Metabolic  Diseases f 

Bethesda,  Maryland 

IN  SOME  recent  studies  the  ratio  of  the  thyroid  radioiodide  concentra¬ 
tion  to  the  serum  radioiodide  concentration  (T  S  ratio)  was  higher 
when  binding  of  radioiodide  was  blocked  by  a  single  injection  of  either 
propylthiouracil  (Wollman  and  Scow,  1953)  or  iodide  (Wollman  and  Scow, 
1954b)  than  when  binding  was  permitted.  These  observations  are  in  agree¬ 
ment  with  conclusions  reached  in  a  theoretical  analysis  (Wollman,  1954) 
that  merely  blocking  binding  of  radioiodide  would  be  expected  to  elevate 
the  T  S  ratio  provided  that  the  iodide  binding  rate  was  fast  compared 
with  the  rate  of  equilibration  of  iodide  between  thyroid  gland  and  blood. 
It  was  also  recognized  (Wollman,  1954)  that  a  goitrogen  might  elevate  the 
T  S  ratio  by  some  mechanisms  in  addition  to  that  of  blocking  binding. 
Several  studies  have  been  made  to  ascertain  whether  such  mechanisms 
exist.  The  results  of  one  study  indicated  that  propylthiouracil  adminis¬ 
tration  increased  the  T  S  ratio  by  a  mechanism  in  addition  to  the  ex¬ 
pected  effect  of  blocking  binding  (Wollman  and  Scow,  1954b). 

This  paper  presents  the  results  of  further  studies  made  to  detect  evi¬ 
dence  that  a  goitrogen  might  affect  the  T  S  ratio  by  a  mechanism  in  addi¬ 
tion  to  that  of  blocking  binding  of  radioiodide.  These  studies  include,  first, 
measurements  of  the  T  S  ratio  and  binding  of  radioiodide  for  graded  doses 
of  propylthiouracil  which  blocked  binding  to  varying  extents,  and  second, 
comparisons  of  the  T  S  ratio  when  binding  was  blocked  by  a  variety  of 
goitrogens,  some  of  which  have  been  suggested  to  block  binding  by  mech¬ 
anisms  different  from  others. 

MATERIALS  AXD  METHODS 

Male  C3H  mice,  four  to  seven  months  of  age,  were  used.  They  had  been  fed  a  pelleted 
diet  of  moderately  low  iodine  content  (Wollman,  Scow,  Wagner  and  Morris,  1953)  for 
at  least  one  week  prior  to  the  radioiodine  studies. 

Administration  of  goitrogens:  All  goitrogens*  except  2-mercaptoimidazole  were  dis- 
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solved  in  0.85%  NaCl  containing  NaOH  at  a  concentration  of  0.04  X.  The  2-mercapto- 
imidazole  was  di.ssolved  in  0.85%  NaCl.  In  general,  the  goitrogen  was  administered  in 
0.5  ml.  of  solution  by  subcutaneous  injection  within  a  few  minutes  after  preparation  of 
the  solution.  The  5  mg.  dose  of  propylthiouracil  and  the  10  mg.  dose  of  sulfadiazine, 
however,  were  each  injected  in  1  ml.  of  solution. 

Administration  of  radioiodide:  Aliquots  of  a  stock  radioiodide  solution*  were  diluted 
with  distilled  water  to  a  concentration  of  20  microcuries  per  0.50  ml.,  and  0.50  ml.  was 
administered  to  each  mouse  by  intraperitoneal  injection  one  hour  after  the  goitrogen 
injection. 

Procedure  at  autopsy:  Between  one  and  two  hours  after  the  radioiodide  injection 
each  mouse  was  anesthetized  with  ether  and  a  blood  sample  was  obtained  from  the 
heart.  The  thyroid  was  removed  immediately  thereafter,  cooled,  weighed  and  then 
homogenized  in  6  ml.  of  ice-cold  distilled  water  containing  1  mg.  of  Nal.  To  test  for  com¬ 
pleteness  of  blocking  of  binding  and  to  measure  the  amount  of  radioiodide  in  the  thy¬ 
roid,  the  homogenates  were  routinely  deproteinized  with  0.2  ml.  each  of  the  Ba(OH)2 
and  ZnS04  solutions  of  Somogyi. 

Paper  chromatography  of  supernates:  The  procedures  for  identifying  the  I'*‘-containing 
comjmunds  in  the  supernates  of  homogenates  of  thyroids  have  been  described  previous¬ 
ly  (Wollman  and  Scow,  1954a). 

/**’  determinations:  I**'  in  thyroid  glands  or  in  fractions  thereof  was  measured  by  gam¬ 
ma  counting,  that  in  serum  by  beta  or  gamma  counting  as  described  previously  (Wollman 
and  Scow,  1954a). 


RESULTS 

Dependence  of  the  T  S  ratio  on  the  dose  of  propylthiouracil:  The  T  S 
ratio  was  measured  one  hour  after  the  radioiodide  injection.  The  T  S 
ratio  increa.sed  as  the  dose  of  propylthiouracil  increased  (Fig.  1).  The  in¬ 
crease  in  the  T  S  ratio  was  generally  associated  with  a  decrease  in  the 
amount  of  P®'  bound  in  one  hour.  However,  the  rise  in  the  T  S  ratio  on 
increasing  the  propylthiouracil  dose  from  2.5  to  5  mg.  was  not  accom¬ 
panied  by  a  quantitatively  important  decrease  in  the  amount  of  bound 
P’b  Instead,  the  increased  T  S  ratio  was  associated  with  a  marked  reduc¬ 
tion  in  the  serum  radioiodide  concentration. 

To  test  if  the  higher  dose  of  propylthiouracil  had  an  effect  on  the  rate 
of  decrea.se  of  the  blood  radioiodide  concentration,  the  blood  radioiodide 
concentration  was  measured  at  various  time  intervals  after  injection  of 
radioiodide.  Serial  tail  vein  blood  samples  of  0.03  ml.  were  obtained  from 
four  mice  injected  with  2.5  mg.  of  propylthiouracil  and  four  with  5  mg. 
(Fig.  2).  The  blood  radioiodide  concentration  was  the  same  in  the  two 
groups  at  15  minutes  after  radioiodide  injection  but  at  later  time  inter¬ 
vals  it  decreased  significantly  faster  in  the  mice  giv^en  5  mg.  of  propyl¬ 
thiouracil. 

Comparison  of  the  T  S  ratios  obtained  using  various  goitrogens:  All  of 
the  goitrogens  tested  except  pentothal  were  able  to  block  organic  binding 


*  The  carrier-free  radioiodide  was  obtained  from  the  Oak  Ridge  National  Labora¬ 
tory,  Oak  Ridge,  Tennessee. 
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Fig.  1.  The  dci)en<len(*e  ot  the  T  S  ratio  and  of  the  ainonnt  of  radioiodine  Ixmnd  in 
one  liour  ui)on  dose  of  j)ro])ylthiouraeil  in  C'3H  iniee.  The  vertical  line  throiif^h  each 
l)oint  rej)resents  the  standard  error. 


MINUTES  AFTER  RAOIOIODIDE  INJECTION 

Fig.  2.  The  de|)endence  of  the  concentration  of  radioiodide  in  the  blood  on  the  time 
interval  after  intrajieritoneal  injection  of  radioiodide  in  mice  which  had  been  f!;iven  a 
single  subcutaneous  injection  of  2.5  or  5  mg.  of  proiiylthiouracil. 
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of  almost  completely  (Table  1).  Because  of  the  incomplete  blocking  of 
binding  with  pentothal,  the  T  S  ratios  using  this  substance  may  not  be 
compared  with  those  for  the  other  goitrogens.  The  T  S  ratio  was  nearly 
the  same  for  most  of  the  goitrogens.  However,  for  phloroglucinol  and  2- 
mercaptothiazoline  the  T  S  ratio  was  significantly  lower.  The  2-mercapto- 
thiazoline  also  differed  from  the  other  goitrogens  in  that  the  serum  radio¬ 
iodide  concentration  was  significantly  less  than  that  for  other  goitrogens. 

The  nature  of  the  in  the  supernates  of  thyroid  homogenates  depro- 
teinized  by  Ba(()H)2  and  ZnS04  was  examined  in  mice  in  which  binding 


TaBI.K  1.  A  COMPARISON  OK  THK  RATIO  OF  THYROID  RADIOIODIDE  CONCENTRATION  TO  SERCM 
RADIOIODIDE  CONCENTRATION  (T/S)  USINO  SINOI.E  INJECTIONS  OK 
VARIOl'S  (iOITROOENS  TO  BLOCK  OROANIC  BINDINCi 


(foitrogpii 

Dose, 
mg.  , 

No. 

mice 

Mouse 
weight,  1 
gm. 

Thyroid  ] 
weight, 
mg.  ; 

T  S  1 

Thyroid  I”'  sup.* 

Thyroid  I»'  sed. 

Per  cent  ; 
dc»e  I**' 
per  gm. 
serum^  ' 

Minutes 

between 

I**'  injection 
and  autopsy 

Pentothal 

2 

4 

29+3' 

3.0±0.2'  1 

801  3*  , 

1.17  I 

5.2  10.2*  , 

70 

Thiobarbital 

5  1 

8 

32±2  ] 

3.010.4  1 

153115 

16  ! 

4.9  10.3 

50  to  80 

2-Mercapt<)thiazoIino 

5  i 

8 

29±  2 

2.710.5  1 

1241  5  i 

19 

3.1  10.2  ! 

110 

2-Mercaptoiinidaz.>lo  | 

5  , 

11 

29±  2  1 

2.510.5  1 

254126 

15  1 

3.910.1 

80 

Thiouracil 

2.5 

4 

1  31±2 

2.810.5 

1651  7 

17 

,  3.7710.15 

120 

IVdpvlthiouracil 

1 

5 

1  32  ±  1 

2.510.1 

[  161117 

'  16 

5.3  10.2 

70 

1  2.5 

18 

29±3 

2.610.3 

1781  7 

16 

1  3.7  10.1 

1  65  to  110 

Sulfadiazine 

5 

4 

32±  1 

3.110.1 

1  164111 

8 

j  3.8  10.4 

j  85 

10 

9 

;  28±3 

!  2.310.5 

1751 19 

i  " 

i  4.3  10.1 

1  60 

Phloroglucinol 

1  5 

15 

1  32±3 

1  2.510.5 

1  1321  8 

i  20 

4.8  10.3 

60  to  100 

1  Standard  deviation. 

*  Standard  error  of  the  mean. 

*  rorrected  to  30  gm.  body  weight. 

*  Sup.=8iipernate;  8ed.*^iinenl. 

was  blocked  by  a  single  injection  of  propylthiouracil  (5),  .sulfadiazine  (1), 
phoroglucinol  (5)  or  2-mercaptothiazoline  (1)  (the  figure  in  parenthesis 
repre.sents  the  number  of  mice  studied).  Solvents  used  were  ethanol 
ammonium  hydroxide  and  n-butanol  acetic  acid  water.  Results  obtained 
were  quantitatively  as  previously  reported  for  propylthiouracil  (Wollman 
and  Scow,  IfiMa).  In  ethanol  ammonium  hydroxide  almost  all  the 
put  on  the  paper  was  recov'ered  in  the  iodide  spot.  In  no  case  was  any  evi¬ 
dence  obtained  of  the  presence  of  P**  in  a  compound  other  than  iodide  in 
amounts  of  more  than  a  few  per  cent  of  the  P^^  in  the  iodide  spot. 

DISCUSSION 

It  was  shown  in  a  previous  paper  (Wollman  and  Scow,  1954b)  that  if 
the  concentration  of  stable  thyroid  iodide  is  high  enough  to  block  binding 
of  P**,  administration  of  propylthiouracil  increa.ses  the  T  S  ratio  by  a 
mechanism  different  from  that  associated  with  the  elevation  expected  to 
accompany  a  block  in  the  binding  of  iodide.  It  appeared  desirable  to  de¬ 
termine  whether  the  same  mechanism  operated  at  physiological  lev’els 
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of  stable  iodide.  The  criterion  for  the  detection  of  this  mechanism  was  the 
observation  of  a  change  in  the  T  S  ratio  on  altering  the  propylthiouracil 
dose  without  a  corresponding  change  in  the  amount  of  I*®*  bound  in  the 
thyroid.  As  the  dose  increased  from  0  to  2.50  mg.  of  propylthiouracil,  the 
increase  in  the  T  S  ratio  was  always  associated  with  a  decrease  in  the 
amount  of  bound.  Therefore  no  evidence  for  the  mechanism  was  ob¬ 
tained  in  this  dose  range.  However,  this  test  cannot  be  considered  con¬ 
clusive  because  a  mechanism  might  exist  which  cau.ses  an  increase  in  the 
T  S  ratio  with  increasing  dose  of  propylthiouracil  in  the  same  dose  range 
as  that  in  which  progressive  blocking  of  the  binding  mechanism  occurs. 
In  order  to  test  for  such  a  mechanism  in  this  dose  range  it  will  be  necessary 
to  compare  the  observed  relation  between  the  T  S  ratio  and  the  binding 
rate  constant  with  that  predicted  on  the  basis  of  the  assumption  that 
propylthiouracil  acts  only  by  blocking  binding  (Wollman,  1954).  Devia¬ 
tions  of  the  experimental  results  from  the  theory  might  indicate  the  exist¬ 
ence  of  this  mechanism. 

A  different  mechanism  was  detected  in  the  propylthiouracil  dose  range 
between  2.5  and  5  mg.  A  dose  of  5  mg.  of  propylthiouracil  was  associated 
with  a  significantly  higher  T  S  ratio  than  a  dose  of  2.5  mg.  or  less  (Fig.  1) 
with  no  significant  change  in  the  amount  of  bound.  The  increase  in  the 
T  S  ratio  in  this  dose  range  seems  to  be  related  to  the  abnormally  high 
rate  of  decrease  of  the  blood  radioiodide  concentration  in  mice  giv’en  5  mg. 
of  propylthiouracil.  A  recently  suggested  model  of  the  thyroid  (Wollman, 
1954)  yields  the  prediction  that  the  T  S  ratio  is  expected  to  v'ary  inversely 
as  1  —  r,  r  where  t,.  is  the  reciprocal  of  the  rate  constant  for  equilibration 
of  radioiodide  between  thyroid  gland  and  blood  and  t  is  the  reciprocal  of 
the  rate  constant  for  the  decrease  of  the  radioiodide  concentration  in  the 
blood.  This  relation  predicts  that  the  T/S  ratio  in  mice  given  2.5  or  5  mg. 
of  propylthiouracil  is  expected  to  be  1.20  or  1.48  times  as  high  as  in  mice  in 
which  the  blood  radioiodide  concentration  remains  constant,  respectively. 
In  this  calculation  is  taken  as  14  minutes  (Wollman  and  Scow,  1953) 
and  T  (the  mean  life)  at  one  hour  after  radioiodide  injection  is  taken  to  be 
84  and  46  minutes  (Fig.  2)  for  mice  given  2.5  and  5  mg.  of  propylthiouracil, 
respectively.  Hence  the  T  S  ratio  using  5  mg.  of  propylthiouracil  is  ex¬ 
pected  to  be  1.23  times  as  high  as  when  using  2.5  mg.  This  accounts  for 
the  observed  difference  in  the  T  S  ratios  within  the  experimental  error  in 
the  data.^ 

*  This  effect  appears  to  have  been  the  cause  of  a  sy.stematic  error  in  estimates  of  the 
T,  S  ratio  in  a  recent  paper  (Wollman  and  Scow,  19.54a).  T/S  ratios  were  measured  using 
2.5  mg.  of  proj)ylthiouracil  and  this  resulted  in  values  that  were  too  high  for  low  serum 
iodide  concentrations.  As  a  consequence  the  estimates  of  Km  rejmrted  there  for  mice  are 
too  low.  Recent  studies  using  1.0  mg.  of  propylthiouracil  to  block  binding  give  a  Km  of 
approximately  0.5  mg.  jrer  100  ml.  for  normal  mice  in  good  agreement  with  values  for  the 
rat. 


f 


April,  1955 


GOITROGENS  AND  THYROID  RADIOIODIDE 


453 


Since  the  rate  of  change  of  the  blood  radioiodide  concentration  decreases 
with  time  at  sufficiently  long  time  intervals  after  injection  of  (Fig.  2) 
the  elev'ation  of  the  T  S  ratio  due  to  the  preceding  effect  might  be  expected 
to  decrease  at  sufficiently  long  time  intervals.  The  curve  describing  the 
dependence  of  the  T  S  ratio  on  time  interval  after  radioiodide  injection 
may  therefore  be  expected  to  have  a  maximum.  This  effect  may  have  been 
observed  in  an  earlier  study  on  the  equilibration  of  radioiodide  between 
thyroid  gland  and  blood  (Fig.  2  of  the  paper  by  Wollman  and  Scow,  1953) 
in  which  the  T  S  ratio  at  one  hour  after  radioiodide  injection  was  approxi¬ 
mately  20%  higher  than  at  later  time  intervals. 

The  T  S  ratio  following  single  injections  of  all  goitrogens  was  much 
higher  than  when  binding  was  permitted.  The  relatively  constant  value  of 
the  T/  S  ratio  for  a  variety  of  goitrogens  of  significantly  different  structures 
is  in  agreement  with  the  hypothesis  that  single  doses  of  many  of  the 
goitrogens  tested  influence  the  T  S  ratio  largely  by  blocking  binding. 
Two  of  the  goitrogens,  2-mercaptothiazoline  and  phloroglucinol,  may  affect 
the  T  S  ratio  to  a  small  extent  by  some  additional  mechanism  as  well 
(Table  1).  For  example,  the  T  S  ratio  using  the  2-mercaptothiazoline 
was  significantly  lower  than  that  with  most  other  goitrogens.  The  ob¬ 
served  value  may  be  actually  larger  than  the  correct  value,  for  when  using 
this  goitrogen,  the  serum  radioiodide  concentrations  were  very  low.  The 
T/  S  ratio  may  be  elevated  by  the  same  mechanism  as  that  discussed  above 
for  5  mg.  of  propylthiouracil,  namely,  by  a  rapid  fall  in  blood  radioiodide 
level. 

Fawcett  and  Kirkwood  (1953)  have  suggested  that  phloroglucinol  pre¬ 
vents  the  formation  of  protein-bound  iodine  by  competing  with  the  pro¬ 
tein  for  iodine,  and  by  being  iodinated  instead  of  the  protein.  In  such  a 
circumstance  the  iodination  might  be  expected  to  occur  as  rapidly  as  if 
the  protein  were  being  iodinated.  The  T  S  ratio  would  then  be  expected 
to  be  low  as  it  is  in  the  unblocked  gland  (Fig.  1).  The  high  T  S  ratio  ob¬ 
served  in  the  present  experiments  might  then  be  explained  by  the  presence 
of  a  high  concentration  of  iodinated  phloroglucinol.  However,  the  present 
studies  using  chromatography  indicate  that,  when  blocked  by  phloro¬ 
glucinol,  the  thyroid  contains  P®'  almost  entirely  in  the  form  of  iodide. 
This  suggests  that  the  iodination  of  phloroglucinol  must  be  a  quantitatively 
negligible  process  in  the  mouse;  and  that  the  block  in  protein  iodination 
by  phloroglucinol  is  probably  by  some  mechanism  other  than  that  sug¬ 
gested  by  Fawcett  and  Kirkwood  (1953). 

SUMMARY 

The  ratio  of  the  radioiodide  concentration  in  the  thyroid  gland  and 
serum  (T  S  ratio)  was  studied  in  young  male  mice.  As  little  as  10  jug.  of 
propylthiouracil  caused  a  partial  inhibition  of  the  binding  of  radioiodide 
by  the  thyroid;  this  was  associated  with  an  increase  in  the  T  S  ratio. 
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Between  10  and  00  mK-  T  S  ratio  progressively  increased  whereas 
the  hindins  of  radioiodide  decreased.  Between  00  and  2500  /ig.  tlie  hindinp; 
process  was  almost  completely  blocked  and  the  T  8  ratio  remained  almost 
constant.  With  5  mg.,  however,  the  T  8  ratio  was  significantly  elevated 
above  that  with  2.5  mg.  of  propylthiouracil.  This  was  correlated  with  an 
unusually  high  rate  of  decrease  of  the  blood  radioiodide  concentration 
following  the  larger  dose  of  propylthiouracil. 

The  T/8  ratio  was  also  measured  using  thiouracil,  2-mercaptoimidazole, 
thiobarbital,  2-mercaptothiazoline,  sulfadiazine  and  phloroglucinol  to 
block  binding.  The  T/8  ratio  was  relatively  constant  and  independent  of 
the  goitrogen.  The  !'•”  in  the  thyroids  blocked  by  the  last  three  goitrogens 
and  by  jiropylthiouracil  was  almost  entirely  in  the  form  of  iodide. 
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PHOSPHORUS  METABOLISM  OF  THE  ADRENAL  OLANI): 

KFFKCT  OF  HYPOFHYSIX'TOMY  AND  AD.MINISTHATIOX  OF  ACTII 
OX  THK  IXC’ORFORATIOX  OF  RADIOACTIYF  PlIOSPHATK 
IXTO  THF  RXA  XUCLKOTIDF.S' 

J.  E.  L()(;AN,  F.  C.  HEAGY^’  and  r.  j.  rossiter 

Deixirtiiieut  of  liiorhcniistrij,  VniverHitu  of  RV.s/fr«  Ontario  London,  Canada 

The  current  interest  in  the  role  of  ril)onnclei(*  acid  (RNA)  in  cellular 
function  made  it  desirable  to  compare  the  phosphorus  metabolism 
of  the  RNA  in  a  tissue  dnriii}?  low  functional  activity  with  that  of  the  same 
tissue  during  high  functional  activity  -  for  instance,  the  adrenal  gland  of 
the  hypophysectomized  rat  compared  with  the  adrenal  gland  of  rats  treated 
with  ACT! i. 

It  is  known  that  removal  of  the  pituitary  gland  causes  a  decrease  in 
the  incorporation  of  inorganic  phosphate  labeled  with  P'*’  into  the  total 
acid-solnble  phosphorus  fraction  (Reiss  and  Halkerston,  IRoO),  the  in¬ 
organic  phosphate  (Gemzell  and  Samuels,  IDoO;  Riedel,  Logan,  DeLiica 
and  Rossiter,  IR.M)  and  the  lipid  phosphorus  (Riedel,  Logan  and  Rossiter, 
19o4)  of  the  adrenal  gland.  In  each  instance  the  rate  of  incorporation  is 
largely  restored  to  normal  by  a  single  injection  of  ACTII. 

In  the  experiments  described  in  this  paper,  the  incorporation  of  P’*-  into 
the  RXA  of  the  adrenal  gland  was  studied.  A  preliminary  report  of  these 
experiments  has  already  appeared  (Logan,  and  Heagy,  19o4). 

MKTHODS 

A  nimafs 

The  animals  were  male  rats  of  the  Spraffue-Dawley  strain.  Ilvpopliyseetomized  rats, 
supidied  l)y  the  Hormone  .\ssay  Laboratory,  Ine.,  ('luea^o,  Illinois,  were  used  for  the 
experiment  two  days  after  operation.  The  adrenal  glands  of  hypo])hysectomized  animals 
displayed  the  typical  atroi)hy  as.sociated  with  hypophysectomy.  Macrosco])ic  and  micro- 
scojjic  examination  of  the  pituitary  region  of  selected  animals  showed  no  evidence  of 
|)ituitary  tissue  remaininf!;.  The  animals  were  fasted  12  to  14  hours  before  killiu}!;. 

AVTH  Preparation 

The  AC'TH  was  obtained  from  ('onnaujfht  Medical  Research  Laboratories,  Toronto, 
Ontario.  It  was  a  white  powder,  completely  soluble  in  isotonic  saline.  The  i)reparation 
had  been  standardized  in  terms  of  the  International  Standard. 

Rei-eived  for  publication,  October  4,  49.54, 
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Experimental  Procedure 

.  Test  animals  received  a  single  intrai)eritoneal  injection  of  ACTH,  4  mg.  per  100  gm. 
body  weight,  in  isotonic  saline.  Control  animals  received  an  equivalent  volume  of  iso¬ 
tonic  saline.  Four  hours  later  all  the  animals  received  200  /xc.  P’'**,  regardless  of  body 
weight,  b\’  intraperitoneal  injection. 

The  animals  were  killed  16  hours  after  the  injection,  i.e.;  20  hours  after  the 
injection  of  ACTH  or  saline.  Under  nembutal  anaesthesia,  a  midline  incision  was  made 
in  the  abdomen  at  the  height  of  the  diaphragm.  A  sample  of  blood  was  withdrawn  from 
the  inferior  vena  cava  into  a  2  cc.  syringe  containing  a  small  quantity  of  heparin.  The 
blood  was  transferred,  with  care  to  prevent  hemolysis,  to  a  centrifuge  tube  that  was  kept 
in  an  ice-bath.  The  adrenal  glands  were  excised  as  rapidly  as  possible,  blotted  to  remove 
excess  blood,  trimmed  carefully  to  remove  adhering  adipo.se  and  connective  tissue,  and 
frozen  rapidly  by  plunging  into  liquid  nitrogen.  The  blood  sample  then  was  centrifuged 
in  the  cold  room. 

Analytical  and  Counting  Methods 

The  adrenals  from  six  rats  were  pooled  to  provide  sufficient  tissue  and  weighed  in  the 
frozen  state.  They  were  homogenized  in  ice-cold  10%  trichloroacetic  acid  using  a  homog- 
enizer  of  the  Potter-Elvehjem  tyjie.  The  concentration  and  the  specific  activity  of  the 
inorganic  P  of  the  trichloroacetic  acid  extracts  of  a  pooled  sample  of  plasma  and  the 
jmoled  adrenals  were  determined  by  the  method  of  Ernster,  Zetterstrom  and  Lindberg 
(1950).  The  tissue  residue  was  washed  four  times  with  10%  trichloroacetic  acid  in  the 
cold  to  remove  the  last  traces  of  acid-soluble  radioactivity.  The  residue  was  then 
extracted  successively  with  ethanol  (2  portions),  ethanol-ether  3:1  (5  portions  heated 
to  boiling)  and  ether  to  remove  lipid  i)hosphorus.  The  residue  remaining  after  removal 
of  the  lii)id  P  was  extracted  three  times  with  10%  sodium  chloride  at  100°  C.  to  obtain 
the  nucleic  acids.  The  nucleates  were  precipitated  with  two  volumes  absolute  ethanol, 
washed  twice  with  5%  trichloroacetic  acid  and  dried  with  ethanol  and  ether.  Hydrolysis 
of  the  nucleic  acids  was  carried  out  in  0.3  N  KOH  at  37°  C.  and  the  resulting  acid- 
soluble  RNA  nucleotides  were  sei)arated  by  ionophoresis  on  i)aper  according  to  the 
method  of  Davidson  and  Smellie  (1952a).  After  elution,  the  nucleotides  were  ashed  with 
60%  i)erchloric  acid  by  the  metliod  of  King  (1932)  and  the  concentration  and  specific 
activity  of  the  phosj)horus  determined  as  described  for  the  inorganic  P. 

In  the  method  of  Ernster  et  al.  (1950)  both  the  concentration  and  the  radioactivity  of 
the  inorganic  P  are  determined  on  the  same  sample.  The  optical  density  of  the  blue  colour 
complex  was  read  with  a  Beckman  Model  B  Si)ectrophotometer  at  730  m/i  and  the 
radioactivity  due  to  the  P’*  in  the  sam])les  was  determined  on  the  same  coloured  solution 
using  an  M-6  liquid  counter  (20th  Century  Electronics).  The  counting  rate  was  corrected 
for  background  and  decay.  The  specific  activities  for  each  animal  were  adjusted  to  a 
standard  injection  of  200  /xc.  j)er  200  gm.  body  weight,  based  on  a  simulated  standard 
(Tracerlab.  Inc.,  Boston). 


RESULTS 

Plasma  Inorganic  Phosphate 

The  specific  activity  of  the  inorganic  pliosphate  of  the  plasma  16  hours 
after  the  injection  of  was  not  changed  significantly  by  hypophysectomy 
(2  days  after  the  operation)  or  by  the  administration  of  ACTH  (Table  1). 

*  Supplied  in  the  form  of  H3P’*04  by  Commercial  Products  Division,  Atomic  Energy 
of  Canada,  Limited. 
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This  finding  is  in  agreement  with  the  previous  report  of  Riedel  et  al. 
(19541)).  However,  at  shorter  time  intervals  after  the  P'*-  injection  (Gem- 
zell  and  Samuels,  1950;  Riedel  ct  aL,  1954a),  and  at  longer  times  after 
hypophysectomy  (Geschwind,  Li  and  Evans,  1951 ;  Riedel  and  Rossiter, 
1954;  Riedel  et  al.  1954b),  there  is  an  increase  in  the  specific  activity  of  the 
inorganic  phosphorus  in  the  plasma  of  hypophysectomized  rats.  There  is 
evidence  that  this  change  is  the  result  of  a  deficiency  of  growth  hormone 
(Geschwind  et  al.,  1951 ;  Riedel  et  al.,  1954a). 

Adrenal  Inorganic  Phosphate 

Table  1  shows  that  hypophysectomy  caused  a  decrease  in  the  specific 
activity  of  the  adrenal  inorganic  phosphate  and  that  this  decrease  was 
prev'ented  by  a  single  injection  of  ACTH,  thus  confirming  the  finding  of 


Table  1.  Effect  of  HVPorHYSECTOMY  and  the  administration  of  ACTH  on  the  specific 

ACTIVITY  OF  THE  INORIiANIC  PHOSPHATE  OF  THE  PLASMA  AND  THE  RELATIVE  SPECIFIC  ACTIVITY 
OF  THE  INOROANIC  PHOSPHATE  OF  THE  ADRENAL  OLAND  OF  THE  RAT 


Time  after  AC'TH,  20  hr.  Time  after  10  hr.  Mean+S.E.  mean 


Pli 

isma 

Adrenal 

Grouj) 

No. 

(letermiua- 

tioiis 

(Us. /min./ 

Mg.  P’ 

p 

Spi'cifie 
activity 
relative  to 
plasma  X  IO2 

P 

Normal 

14 

<15+4.2 

79.0  +  1.2 

Hvpoj)hvspctomizP(l 

8 

i()4±2.:i 

0. 1-0.2' 

70.0+3.4 

<0.02* 

Normal +A('TH 

() 

1)7 +8. <1 

0.8-0.92 

99.9+3.7 

<0.0012 

Hviiophvspctomized 

>ACtH 

8 

101  +2.8 

0.7-0.82 

82.7  ±2.2 

<0.012 

*  /•*  value  for  hyiiophyseetomized  rats  eompareil  with  normals. 

*  P  value  for  rats  receiving  .\('TH  compared  with  similar  animals  receiving  saline. 

’  With  the  counting  equipment  used,  the  injected  dose  was  4.20X10'  cts./min.  for  a  rat 
of  hody  weight  200  gm. 


Gemzell  and  Samuels  (1950)  and  Riedel  et  al.  (1954a).  In  addition,  a 
significant  increase  in  the  relative  specific  activity  of  the  adrenal  inorganic 
phosphate  was  demonstrated  when  ACTH  was  injected  into  normal  ani¬ 
mals.  A  trend  in  this  direction  was  noted  by  Gemzell  and  Samuels  (1950) 
and  Riedel  et  al.  (1954a),  but  the  figures  did  not  attain  the  conven¬ 
tional  level  of  statistical  significance.  In  the  present  study  the  pooling 
of  the  adrenal  glands  (6  rats  for  each  determination)  has  minimized  the 
effect  of  animal-to-animal  variation  and  so  rendered  statistical  significance 
to  the  observation. 

RNA  Nucleotide  Phosphorus 

Table  2  shows  the  effect  of  hypophysectomy  and  of  the  administration 
of  ACTH  on  the  incorporation  of  P^-  into  the  four  RNA  nucleotides  of  the 
adrenal  gland.  In  the  hypophysectomized  animals,  the  specific  activity 
of  each  of  the  four  nucleotides,  relative  to  the  specific  activity  of  the  ad- 
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renal  inorganic  phosphate,  was  decreased.  The  administration  of  ACTH 
to  the  normal  animals  increased  the  mean  relativ'e  specific  activity  of  each 
of  the  four  nucleotides,  but  in  no  instance  was  the  increase  significant 
statistically.  On  the  other  hand,  a  significantly  increased  incorporation  into 
each  of  the  four  nucleotides  was  observed  when  ACTH  was  given  to  the 
hypophysectomized  animals.  Thus  a  single  injection  of  ACTH  was  able  to 
reverse  the  changes  brought  about  by  hypophysectomy.  These  findings 
confirm  previous  work  reported  from  this  laboratory  (Riedel  and  DeLuca, 
1953),  in  which  the  .specific  activity  of  the  total  RNA,  isolated  by  the 
method  of  Hammarsten  (1947),  was  studied. 

DISCUSSION’ 

The  figures  reported  in  Table  2  make  it  clear  that  the  labeled  phosphate 
is  incorporated  into  the  nucleotides  of  the  RNA  of  the  adrenal  gland  and 
that,  as  found  for  liver  tissue  in  vivo  (Volkin  and  Carter,  1951 ;  Davidson 


Table  2.  Effect  of  hypophysectomy  and  the  administration  of  A(’TH  on  the  relative 

SPECIFIC  activity  OF  THE  RNA  NCCLEOTIDES  OF  THE  ADRENAL  (iLAND  OF  THE  RAT 
Time  after  ACTH,  20  hr.  Time  after  P’-,  10  hr.  Mean  ±S.E.  mean 


Group 

Adenylic 

acid 

P 

Specific  activity  relative  to  adrenal  inorfianic  PXIO* 

Guaiiylic  p  Uridylic  p  Cytidylic 

acid  acid  acid 

P 

Averag,. 

Normal 

26.6+1.7 

(ID* 

22.4±l.9 

(12) 

25.7±1.8 

(11) 

22.5+1.3 

(10) 

24.3 

Hypophysectomiied 

20.4±1.0 

(5) 

<0.05* 

16.2±1.3 

(6) 

<0.05* 

I9.5±2.0 

(5) 

<0.1* 

18.1+1.6 

(5) 

<0.1* 

18.6 

Xornial+ACTH 

29.4±  1.5 
(5) 

>0.3* 

25.3±0.6 

(5) 

>0.3* 

28.6+1.2 

(5) 

>0.3* 

26.l±0.9 

(5) 

>0.05* 

27.4 

Hypophysectomiied 

-l-ACTH 

25.6±1.7 

(4) 

<0.05* 

21.9±0.4 

(6) 

<0.01* 

26.4±I.O 

(4) 

<0.05* 

24.4±  1.8 
(4) 

<0.05* 

24.6 

1  No.  determinations. 

<  P  value  for  hypophysectomised  rats  compared  with  normals. 

*  P  value  for  rats  receiving  ACTH  compared  with  similar  animals  receiving  saline. 


and  Smellie,  1952b)  and  brain  slices  in  vitro  (DeLuca,  Rossiter  and  Strick¬ 
land,  1953),  there  is  a  greater  incorporation  into  adenylic  acid  and  uridylic 
acid  than  into  guanylic  acid  and  cytidylic  acid.  In  experiments  such  as 
these,  isolation  of  the  nucleotides  is  necessary,  since  the  tissue  RNA  phos¬ 
phorus  of  both  liver  (Davidson,  Frazer  and  Hutchison,  1951)  and  brain 
(DeLuca  et  al.,  1953),  when  separated  by  the  usual  procedures,  contains 
a  number  of  high-activity  non-nucleotide  phosphorus-containing  .com¬ 
pounds.  The  nucleotides  studied  were  mixtures  of  the  a  and  b  isomers 
(Carter  and  Cohn,  1949),  now  known  to  be  the  2'-  and  3'-  phosphoribosides 
respectively  (Brown  et  al.,  1953;  Khym  and  Cohn,  1954). 

The  mechanism  of  the  change  in  the  phosphorus  metabolism  of  the 
adrenal  gland  after  hypophysectomy  is  of  some  interest.  The  inorganic 
phosphate  of  the  adrenal,  like  that  of  any  other  tissue,  is  partly  extracel¬ 
lular  (plasma  and  interstitial  fluid)  and  partly  cellular.  The  difficulties  of 
determining  the  specific  activity  of  the  cellular  inorganic  phosphate  are 


April,  1955 


ACTH  AND  ADRENAL  RNA 


459 


well  known  (Ennor  and  Rosenberg,  1954;  Riedel  and  Rossiter,  1954).  It  is 
widely  believed  that  after  an  injection  of  inorganic  the  isotope  rapidly 
e(piilibrates  with  the  inorganic  phosphate  of  the  extracellular  space,  but 
that  passage  of  the  isotope  through  the  cell  membrane  into  the  cellular 
fluid  is  much  slower  (Hahn  and  Hevesy,  1941 ;  Hevesy,  1948).  However, 
the  validity  of  this  assumption  has  been  questioned  for  rabbit  muscle 
(Ennor  and  Rosenberg,  1954). 

Riedel  and  Rossiter  (1954)  concluded  that  there  was  a  genuine  reduction 
in  the  .specific  activity  of  the  cellular  inorganic  phosphate  of  the  adrenals 
of  hypophysectomized  rats,  resulting  from  a  decrea.se  in  the  rate  at  which 
inorganic  P^-  pa.s.sed  through  the  cell  membrane,  i.e.  from  the  extracellular 
to  the  cellular  portion  of  the  gland.  In  addition,  Riedel  et  al.  (1954b) 
showed  that  in  the  adrenal  of  the  hypophysectomized  rat  there  was  a  de¬ 
crease  in  the  rate  of  formation  of  lipid  phosphorus  from  cellular  inorganic 
phosphate.  The  finding  that  the  specific  activity  of  each  of  the  adrenal 
RNA  nucleotides  was  decreased  relative  to  that  of  the  tissue  inorganic 
phosphate  suggests  that  for  RNA  a  similar  situation  might  attain. 

Riedel  ct  al.  (1954b),  after  reviewing  the  evidence,  concluded  that  there 
were  at  least  two  changes  in  the  phosphorus  metabolism  of  the  adrenal 
glands  of  hypophysectomized  rats:  (a)  slowing  of  the  passage  of  inorganic 
phosphate  from  the  extracellular  to  the  intracellular  portion  of  the  gland 
and  (b)  a  slowing  in  the  formation  of  lipid  phosphorus  from  cellular  in¬ 
organic  phosphate.  The  experiments  reported  here  indicate  that  there  is 
also  a  slowing  in  the  formation  of  nucleotide  phosphorus  from  cellular 
inorganic  phosphate  and  that  this  slowing  can  be  overcome  by  the  admin¬ 
istration  of  ACTH.  These  findings  for  RNA  provide  additional  support 
for  the  suggestion  of  Riedel  et  al.  (1954b)  that  the  changes  in  incorpora¬ 
tion  of  P*-  into  both  the  cellular  inorganic  and  organic  phosphorus  frac¬ 
tions  of  the  adrenal  gland  following  hypophy.sectomy  or  following  admin¬ 
istration  of  ACTH  may  reflect  changes  in  the  over-all  metabolism  of  the 
adrenal  gland,  rather  than  the  specific  effects  on  the  tissue  constituent 
under  study.  The  primary  site  of  the  defect  that  follows  hypophysectomy 
and  the  primary  site  of  action  of  ACTH  are  not  known. 

SUMMARY  A\D  CONCLUSIONS 

The  specific  activity  of  the  pho.sphorus  of  each  of  the  four  RNA  nucleo¬ 
tides  of  the  adrenal  gland  of  hypophysectomized  rats,  relative  to  that  of 
the  adrenal  inorganic  phosphate,  was  decreased  16  hours  after  the  ad¬ 
ministration  of  inorganic  P^-.  These  decreases  were  eliminated  by  a  single 
injection  of  ACTH  4  hours  before  the  administration  of  the  P^-. 

It  is  concluded  that  in  the  adrenal  gland  of  hypophysectomized  rats 
there  is:  (a)  a  decrease  in  the  rate  at  which  inorganic  P^-  pas.ses  from  the 
extracellular  to  the  cellular  portion  of  the  gland  and  (b)  a  decrea.se  in 
the  rate  of  formation  of  organic  phosphorus  compounds  (e.g.  lipid  phos- 
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phorus,  RNA  nucleotides)  from  the  cellular  inorganic  phosphate.  It  is 
suggested  that  these  changes,  and  those  in  the  opposite  direction  that 
follow  the  administration  of  ACTH,  may  reflect  changes  in  the  over-all 
energy  metabolism  of  the  adrenal  gland,  rather  than  specific  effects  on  the 
constituent  under  study. 
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THE  EFFECTS  OF  LOC’ALLY  APPLIED  ESTROGEN 
ON  THE  PUBIC  SYMPHYSIS  AND  KNEE  JOINT 
IN  CASTRATED  MICE^ 

E.  S.  CRELIN  AND  A.  L.  HAINES^ 

Department  of  Anatomy,  Yale  University  School  of  Medicine,  \ew  Haven,  Connecticut 

Following  puberty  a  sexual  dimorphism  of  the  pelvis  develops  in 
mice.  At  this  time  the  medial  ends  of  the  pubic  bones  at  the  symphysis 
in  the  female  undergo  partial  resorption  (Gardner,  1936).  During  the  first 
pregnancy  the  ventromedial  part  of  the  pubes  is  resorbed  further  and  an 
interpubic  ligament  replaces  the  symphysial  cartilage  (Hall,  1947;  Crelin, 
1954a,  1954b).  Similar  changes  occur  in  intact  females  and  gonadectomized 
mice  when  estrogens  are  injected  (Gardner,  1936;  Crelin,  1954b,  1954c). 
Both  the  normal  and  induced  pubic  bone  resorption  follow  a  similar  pat¬ 
tern.  The  cranio-dorsal  surfaces  of  the  medial  ends  of  the  pubes  are  af¬ 
fected  first.  The  resorption  then  continues  along  the  medial  margin  of  each 
pubic  bone  in  a  caudo-lateral  direction  (Hall,  19.50).  As  this  process  occurs 
in  estrogen-injected  mice  all  the  other  bones  of  the  body  undergo  increased 
calcification  (Gardner  and  Pfeiffer,  1938,  1943).  The  injected  estrogen  also 
induces  a  breakdown  of  the  symphysial  cartilage  and  its  replacement  by 
an  interpubic  ligament.  While  this  is  occurring  no  other  articular  cartilage 
of  the  body  undergoes  such  a  marked  change.  Why  the  interpubic  tissue 
and  pubes  respond  so  specifically  to  estrogen  and  why  the  hormone  pro¬ 
duces  such  a  consistent  pattern  of  pubic  bone  resorption  is  unknown  (Hall, 
1950,  1951;  Crelin,  1954c). 

The  influence  of  estrogen  on  the  pubes  and  pubic  symphysis  has  been 
observed  only  following  its  systemic  injection.  In  the  present  experiment 
estrogen  was  applied  locally  to  the  bones  and  soft  tissues  at  the  pubic 
symphysis  and  knee  joint. 

MATERIALS  AND  METHODS 

Sixty-eifilit  mice  of  the  Hro\vn-l)elt  strain  were  castrated  when  3  weeks  old.  Two 
weeks  after  castration  they  were  arraiiKed  into  3  groups  and  received  the  following  treat¬ 
ment  : 

Group  I  13  d',  1()  9  Untreated  Controls.  These  animals  received  no  treatment. 

Group  //  2d',  3  9  Glass-treated  Controls.  The  ventral  surface  of  the  pubic  symphysis 
was  exposed  in  each  mouse  by  making  a  midline  incision  in  the  abdominal  skin.  The 
symphysis  was  then  viewed  under  a  stereoscopic  microscope  and  a  small  perforation  was 
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made  in  tlie  linea  alba  at  its  cranial  border.  Using  iris  forcei)s  a  small  amount  of  fine 
glass  i)articles  was  passed  through  the  i)erforation  and  placed  between  the  urinary 
bladder  and  the  symphysis.  The  particles  were  then  in  direct  contact  with  the  dorsal 
surface  of  the  sym])hysis.  Following  this,  a  small  incision  was  made  on  the  medial  side 
of  the  left  knee,  through  which  each  animal  received  a  small  implant  of  glass  j)articles 
under  the  patellar  ligament.  These  two  implantations  were  made  in  the  same  i)laces 
where  the  mice  of  (Iron))  III  received  fine  estrone  i)articles;  thus  the  glass-treated  animals 
serve<l  as  controls  in  determining  what  tissue  changes  mifilit  result  from  mechanical 
irritation  which  the  estrone  i)articles  might  have  i)roduced. 

Group  III  IS  o',  lb  9  Estrogeu-trcated  Mice.  Powdered  estrone  was  dissolved  in  ether 
and  alcohol.  During  slow  evaporation  the  estrone  precipitated  out  in  the  form  of  crystals 
and  thin  flat  sheets.  The  sheets  were  broken  into  tiny  i)articles  with  a  shari)  i)ointed  for- 
cei)s.  An  imi)lant  of  l-2mg.  (»f  the  estrone  particles  was  placed  in  each  animal  at  the  dor¬ 
sal  surface  of  the  sym])hysis  and  umler  the  left  i)atellar  ligament  in  the  same  manner  as 
the  glass-tieated  controls  received  the  glass  im])lants. 

Thirty  days  following  the  imi)lantation  date  all  of  the  animals  were  sacrificed  by  digi¬ 
tal  sei)aration  of  the  atlanto-occipital  joint.  The  .symphysis  was  ex|)osed  and  its  flexi¬ 
bility  determine<l  in  situ  by  grasping  the  innominate  bones  with  forceps  and  moving  them 
in  ojjjjosite  directions.  The  symphysis  was  considered  flexible  only  when  the  range 
of  movement  was  marked.  The  narrowest  point  of  separation  between  the  innominate 
bones  at  the  .symphysis  was  measured  directly  with  a  caliper  by  a  method  j)reviously 
reported  (C'relin,  19.54b).  The  gross  appearance  of  the  uterus  and  urinary  bladder  was 
noted.  The  innominate  bones,  excluding  most  of  the  ilia,  and  the  intact  symi)hysis  were 
then  removed  en  bloc  and  preserved.  Following  skinning  of  the  left  leg  the  lower  half  of 
the  thigh  and  the  ui)i)er  half  of  the  lower  leg  were  transected.  The  excised  block  of  ti.ssue 
containing  the  knee  joint  was  ])reserved.  The  right  knee  and  both  humeri  of  a  number  of 
esti'ogen-t rented  mice  were  also  jjieserved  for  study  .so  that  the  degree  of  systemic  estro¬ 
gen  effect  could  be  determined.  few  symphyses  and  knee  joints,  which  were  considered 
to  be  typical  of  each  group  were  fixed  in  10%  formalin  and  prepared  as  whole  mounts. 
The  soft  tissue  of  the  mounts  was  macerated  in  KOH,  cleared  in  glycerin  and  the  luuies 
were  stained  with  alizarin-red  S.  The  remaining  tissues  were  fixed  in  Houin’s  fluid,  de¬ 
calcified  with  Hang’s  solution,  embedded  in  i)araflin  and  serially-sectioned.  Two  staining 
procedures  were  used:  1.  Foot's  modification  of  the  del  Rio  Hortega  silver  carbonate 
stain  to  demonstrate  reticulum  fibers;  2.  toluidine  blue  to  demonstrate  the  presence  of 
hyaline  cartilage  which  stains  metachromatically. 

KKSULTS 

(iroup  I  13d',]6  9  Untreated  Controls.  At  autop.sy  tlie  pul)ic*  .symphysis 
ill  eacli  nioii.se  was  not  fiexilile  nor  was  there  a  measurable  interpuhie  }rap. 
.\lso,  tlie  urinary  bladder  was  normal  and  undistended.  The  uterus  in  the 
female  was  atrophic.  Wliole  mounts  of  the  pelves  revealed  that  althoup;h 
these  l)-week-old  animals  were  castrated  about  3  weeks  before  puberty  a 
definite  sexual  dimorphism  developed.  The  pelvic  dimorphism  differed  from 
the  normal  only  in  the  lack  of  bone  resorption  along  the  cranio-dorsal  and 
medial  surfaces  of  the  pubes  in  the  female.  The  male  pelvic  bones,  particu¬ 
larly  the  pubes,  were  thicker  and  broader  than  tho.se  of  the  females.  The 
medial  surfaces  of  the  pubic  bones  which  are  closely  approximated  and 
parallel  at  the  symphysis  were  more  extensive  in  the  male.  In  the  female 
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the  iscliio-puhic  anj^le  was  more  ol)tuse  and  the  symphysis  more  poster¬ 
iorly  placed  (Fi}i;s.  1,  3). 

Microscopically  the  iiiterpuhic  tissue  appeared  the  same  in  both  sexes. 
The  medial  ends  of  the  pubes  were  covered  by  thick  articular  caps  of 
hyaline  cartilage  which  were  continuous  with  a  thin  midline  strip  of  fibro- 
cartilage.  The  medial  ends  of  the  pubes  consisted  chiefly  of  osseous  trabec¬ 
ulae  covered  by  osteoblasts.  Numerous  capillaries  were  present  where 
the  trabeculae  abutted  the  rowed  cartilage  at  the  osseo-chondral  junction 
(Fig.  o).  The  greater  portion  of  the  marrow  of  the  pubes  and  ischia  con¬ 
tained  hemopoietic  tissue.  The  .syrnphysial  fibrocartilage  stained  by  tolui- 
dine  blue  was  slightly  metachromatic  (bluish-purple)  and  the  hyaline 
cartilage  intensely  metachromatic.  The  Foot-Hortega  stain  revealed  no 
reticular  fibers  in  the  interpubic  tissue  or  in  the  marrow  cavities  of  the 
pubes  (Fig.  o). 

The  adjacent  articular  surfaces  of  the  femur  and  tibia  were  covered  by 
hyaline  cartilage  supported  by  a  thin  layer  of  bone.  The  epiphyses  and 
patella  had  well-developed  marrow  cavities  containing  hemopoietic  tissue. 
A  narrow  layer  of  bone  lined  the  epiphysial  cartilage  and  thin  bony  tra¬ 
beculae  extended  from  this  layer  through  the  marrow  cavity  to  the  one 
supporting  the  articular  cartilage.  The  epiphysial  plate  consisted  of  a  thin 
layer  of  hyaline  cartilage  adjacent  to  a  layer  of  columnar  cartilage  cells 
averaging  10  cells  thick;  the  range  being  0-1  o.  This  layer  merged  with  a 
layer  of  hypertrophied  cartilage  averaging  8  cells  thick,  the  range  being 
2-0,  which  was  next  to  the  zone  of  provisional  calcification  in  the  meta- 
physis.  Slender  spicules  of  newly-calcified  bone,  oriented  roughly  parallel 
to  the  long  axis  of  the  femur  and  tibia,  were  present  in  moderate  amount  in 
the  metaphysis.  Some  of  them  contained  remnants  of  calcified  cartilage  and 
all  were  lined  with  osteoblasts.  The  marrow  of  tlie  metaphyses  contained 
hemopoietic  tissue  and  the  region  of  newly  calcified  cartilage  was  richly 
supplied  with  capillaries  (Figs.  7,  9).  Toluidine  blue  stained  the  knee 
cartilage  the  same  as  it  did  the  syrnphysial  cartilage  and  the  Foot-Hortega 
method  did  not  show  any  demonstrable  reticular  fibers  in  the  sections  of 
the  knee  (Fig.  11). 

(iroup  II  2  (S', 3  9  (ilass-ircatcd  CoufroLs.  At  autopsy  the  glass  particles 
were  still  in  place.  They  were  carefully  removed  so  that  the  tissue  could  be 
sectioned.  Except  for  a  slight  increase  of  connective  tissue  in  the  immediate 
vicinity  of  the  implant  the  findings  were  the  same  as  those  described  for 
the  untreated  controls. 

(iroup  III  18  (S, 10  9  Estrogen-treated  Miee.  At  autopsy  particles  of 
estrone  were  found  at  both  implantation  sites  in  the  majority  of  animals. 
They  were  carefully  removed.  The  symphysis  was  flexible  in  each  mouse 
and  an  interpubic  gap  was  measurable.  The  gap  averaged  0.3  mm.  in  the 
males:  the  range  being  0.25-  0. 5  mm.  In  the  females  it  averaged  0.0  mm.: 


Explanation  of  Figures  1-6 

Fig.  1.  Bones  of  the  left  knee  (lateral  view)  and  innominate  bones  (anterior  view), 
excluding  most  of  the  ilia,  from  a  castrated,  untreated  male.  (X3) 

Fig.  2.  Bones  of  the  left  knee  (lateral  view)  and  innominate  hones  (anterior  view), 
excluding  most  of  the  ilia,  from  a  castrated,  estrogen-treated  male.  The  cranio-dorsal 
and  medial  surfaces  of  the  pubic  bones  have  undergone  some  resorption.  Before  fixation 
the  interpubic  gap  measured  0.5  mm.  Grossly,  the  patella  and  portions  shown  of  the 
femur  and  tibia  apjiear  normal.  ( X3) 

Fig.  3.  Bones  of  the  left  knee  (lateral  view)  and  innominate  bones  (anterior  view), 
excluding  most  of  the  ilia,  from  an  ovariectomized,  untreated  female.  (X3) 

Fig.  4,  Bones  of  the  left  knee  (lateral  view)  and  innominate  bones  (anterior  view). 
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the  range  l)eing  0.25-1.5  mm.  The  urinary  bladders  were  greatly  distended 
in  15  males  and  3  females.  One  male  and  8  females  had  empty  bladders 
whose  walls  were  hypertrophied.  All  uteri  were  greatly  distended  with  a 
serous  fluid  which  filled  the  lumen. 

Bone  resorption  occurred  along  the  cranio-dorsal  surface  and  medial 
margin  of  the  pubes  of  each  animal,  being  most  pronounced  in  the  females 
(Figs.  2,  4).  While  the  pubic  l)ones  were  resorbed  at  the  symph\'sis  endos¬ 
teal  bone  was  formed  lateral  to  the  portions  being  resorbed  so  that  the 
medial-most  portion  of  the  pubic  marrow  cavity  was  almost  obliterated. 
Osteoclasts  were  present  along  the  surfaces  undergoing  resorption.  The 
articular  caps  of  hyaline  cartilage  were  variably  resorbed  and  the  sym- 
physial  fibrocartilage  replaced  by  dense  collagenous  connective  tissue.  The 
interpubic  tissue  of  3  males  and  4  females  consisted  almost  entirely  of 
dense  ligamentous  tissue  connected  to  the  pubic  bones  by  networks  of 
fine  reticular  fibers  (Fig.  6).  The  ligament  and  proliferating  connective 
tissue  replaced  the  articular  caps  and  medial  part  of  the  pubic  bones.  Small 
islands  of  unresorbed  articular  cartilage  stained  metachromatically  with 
toluidine  blue  in  contrast  with  the  adjacent  orthochromatically-stained 
connective  tissue  and  bone  matrix.  The  interpubic  tissue  of  3  males  and 
5  females  consisted  of  both  cartilage  and  connective  tissue.  In  the  remain¬ 
ing  7  males  and  2  females  slight  changes  occurred  for  although  the  articular 
caps  were  thinner  the  interpubic  tissue  consisted  almost  entirely  of  fibro¬ 
cartilage.  In  all  but  4  mice  the  amount  of  symphysial  fibrocartilage  re¬ 
placed  by  connective  tissue  was  proportional  to  the  interpubic  gap.  Retic¬ 
ular  fibers  were  not  noted  in  the  marrow  of  the  pubes. 

The  whole  mounts  of  the  knee  were  comparable  to  tho.se  of  the  controls 
(Figs.  2,  4).  Microscopically  the  effects  of  the  estrone  induced  .similar 


excluding  most  of  the  ilia,  from  an  ovariectomized,  estrogen-treated  female.  The  cranio- 
dorsal  and  medial  surfaces  of  the  pubic  bones  have  undergone  marked  resorption.  Before 
fixation  the  interpubic  gap  measurefl  1.5  mm.  Grossly,  the  patella  and  portions  shown  of 
the  femur  and  tibia  appear  normal.  (X3) 

Fig.  5.  A  lateral  jiortion  of  the  jiubic  symiihysis  from  an  ovariectomized,  untreated 
female.  At  the  left  is  part  of  the  symphysial  fibrocartilage  which  is  continuous  with  the 
articular  cap  of  hyaline  cartilage  seen  at  the  center.  At  the  right  is  the  medial  end  of  the 
pubic  bone  consisting  of  trabeculae  which  surround  small  islands  of  hemopoietic  tissue. 
Foot-Hortega  silver  stain.  (X345) 

Fig.  6.  The  tissue  shown  is  from  an  ovariectomized,  estrogen-treated  female  and  is 
an  area  which  corresponds  to  that  shown  in  Fig.  5.  The  response  of  the  symph3  sis  was 
intermediate  in  this  animal  for  the  interpubic  tissue  contained  both  connective  tissue  and 
fibrocartilage.  At  the  far  left  is  part  of  some  remaining  fibrocartilage.  Centrall.v,  a  net¬ 
work  of  reticular  fibers  is  .seen.  This  network  occupies  an  area  where  the  cartilagenous 
articular  cap  and  pubic  bone  trabeculae  existed  before  estrogen  treatment.  At  the  right 
is  pubic  bone.  Its  medial  trabecular  portion  has  been  resorbed  and  endosteal  bone  growth 
has  almost  obliterated  the  medial-most  portion  of  the  marrow  cavitj'.  Foot-Hortega 
silver  stain.  (X345) 
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Explanation  of  Figurks  7-12 

Fig.  7.  The  proximal  end  of  the  tibia  from  an  ovariectomized,  untreated- female. 
Foot-Hortega  silver  stain.  (X40) 

Fig.  8.  The  proximal  end  of  the  tibia  and  a  jiortion  of  the  distal  end  of  the  femur  from 
an  ovariectomized,  estrogen-treated  male.  Extensive  medullary  bone  formation  occurred 
in  the  epiphysis  and  metaphysis  at  the  expense  of  the  marrow  cavities.  The  ejiiphysial 
plate  is  thin  and  the  bony  spicules  are  irregularly  arranged.  Foot-Hortega  silver  stain. 
(X40) 

Fig.  9.  At  the  lower  right  is  the  epiphysial  plate  of  the  tibia  from  a  castrated,  un¬ 
treated  male.  The  marrow  cavity  of  the  metaphysis  containing  hemopoietic  tissue  and 
regularly-arranged  bone  spicules  is  at  the  left.  (X345) 
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cliangets  in  both  sexes.  The  structure  and  staining  properties  of  the  artic¬ 
ular  cartilage  and  ligaments  of  the  knee  resembled  those  of  the  controls. 
Some  proliferation  of  connective  tissue  between  the  patellar  ligament 
and  the  menisci  was  ascribed  to  a  non-specific  reaction  to  the  estrone  par¬ 
ticles. 

The  estrogenic  response  at  the  knee  varied.  In  some  animals  the  patella, 
epiphyses  and  metaphyses  revealed  extensive  medullarj'  bone  formation 
(Fig.  8).  In  others  the  patella  and  epiphyses  showed  little  endosteal  bone 
growth  while  the  metaphyses  showed  much.  The  marrow  cavities  of  the 
patella  and  epiphyses  of  the  treated  knee  were  almost  completely  replaced 
with  coarse,  irregularly-oriented  spicules  of  bone  in  the  animals  showing 
an  extensive  effect.  In  the  remaining  marrow  cavities  onh"  a  layer  of  lining 
osteoblasts,  capillaries  and  a  few  islands  of  hemopoietic  tissue  were  pres¬ 
ent.  The  epiphysial  plate  in  all  the  mice  was  similar  in  structure  to  the 
controls  except  that  the  layer  of  columnar  cartilage  cells  averaged  only 
5  cells  in  thickness  instead  of  10.  The  range  was  0-11  (Fig.  10).  The  meta¬ 
physes  of  the  treated  knee  in  each  mouse  were  filled  with  coarse  bone 
spicules.  As  in  the  epiphyses  showing  a  marked  effect,  the  surface  of  the 
spicules  in  the  metaphyses  was  lined  with  a  layer  of  osteoblasts  and  the 
normal  marrow  was  largely  replaced  by  a  dense,  vascular,  connective 
tissue. 

The  Foot-Hortega  method  revealed  many  reticular  fibers  in  the  areas  of 
the  marrow  cavities  in  the  patella,  femur  and  tibia  where  new  bony  spic¬ 
ules  were  probably  being  formed.  The  process  was  most  pronounced  in  the 
metaphy.sis  in  both  the  femur  and  tibia  (Fig.  12).  The  reticular  fibers 
appeared  to  be  continuous  with  the  fibrous  matrix  of  the  spicules.  They 
projected  into  the  marrow  from  the  ends  of  the  spicules  and  were  continuous 
with  the  network  of  reticular  fibers  of  the  remaining  marrow.  This  marrow 
also  contained  local  condensations  of  collagen  among  the  reticular  fibers 
which  appeared  to  be  independent  of  the  spicules.  The  bony  spicules  in 
the  control  mice  were  arranged  in  paralled  rows  but  in  the  estrogen-treated 
animals  they  were  much  coarser  and  showed  no  definite  orientation  with 
respect  to  the  long  axis  of  the  bone.  The  marrow  cav’ity  of  the  diaphysis 
of  both  the  tibia  and  femur  of  the  treated'knee  showed  a  slight  response  in 


Fig.  10.  At  the  ujiper  half  of  the  figure  the  thin  epiphysial  plate  of  the  tibia  from  a 
castrated,  estrogen-treated  male  is  seen.  At  the  lower  half  the  metaphysis  consists  of 
irregularly-arranged  bony  spicules  and  marrow  devoid  of  hemopoietic  tissue.  (X345) 
Fig.  11.  a  portion  of  the  metaphysis  of  the  tibia  from  an  ovariectomized,  untreated 
female.  Bone  spicules  and  hemopoietic  tissue  are  present  but  reticular  fibers  are  absent. 
Foot-Hortega  silver  stain.  ( X345) 

Fig.  12.  a  portion  of  the  metajiliysis  of  the  tibia  from  a  castrated,  estrogen-treated 
male.  At  the  upper  right  is  a  portion  of  a  bone  spicule.  The  hemopoietic  tissue  has  been 
replaced  by  dense  connective  tissue,  within  which  is  a  network  of  black-stained  reticular 
fibers.  Foot-Hortega  silver  stain.  (X345) 
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some  animals  and  none  in  others.  The  toluidine  blue  stain  showed  no  signif¬ 
icant  differences  in  staining  properties  of  the  knees  in  this  group  when 
compared  with  those  of  the  controls. 

The  estrogenic  response  was  not  limited  to  the  local  area  of  application 
since  both  humeri  and  the  tissues  of  the  contralateral  knee  showed  the 
same  morphological  changes  as  were  present  in  the  knee  containing  the 
estrone  implant. 


DISCUSSION 

Since  estrone  particles  were  still  present  at  the  implantation  sites  in  the 
majority  of  mice  at  autopsy,  the  local  concentration  was  assumed  to  be 
excessive.  Estrogen  concentration  was  adequate  to  systemically  induce 
structural  changes  in  the  humeri  and  bones  of  the  contralateral  knee  and 
the  distension  of  the  uterus.  After  local  implantation  of  an  estrone  pellet 
in  the  distal  portion  of  the  marrow  cavity  of  one  femur,  both  femora  re¬ 
sponded  (Halvorsen,  1949).  However,  the  femurs  which  received  the  pellet 
showed  the  greatest  response  for  the  metaphysial  and  diaphysial  marrow 
was  almost  completely  replaced  by  bone.  A  difference  in  the  response  of  the 
two  femora  was  not  observed  in  the  present  experiment,  for  the  findings 
in  both  femora  corresponded  to  the  degree  of  response  found  in  the  con¬ 
tralateral  knee  of  Halvorsen’s  study.  This  discrepancy  in  results  might  be 
accounted  for  by  the  fact  that  since  Halvorsen  made  his  implantations 
within  the  marrow  cavity  there  was  a  more  intense  local  effect  than  in 
the  present  study  where  the  estrone  was  placed  in  contact  with  the  perios¬ 
teal  surface.  A  strain  difference  in  the  mice  and  the  difference  in  the 
amount  of  hormone  used  may  also  have  contributed  to  the  discrepancy. 

The  structural  changes  at  the  knee  following  local  application  of  es¬ 
trogen  agreed  with  changes  described  after  injecting  the  hormone  sub¬ 
cutaneously  in  mice  (Gardner  and  Pfeiffer,  1938;  Sutro,  1940;  Silberberg 
and  Silberberg,  1941).  The  estrogenic  response  at  the  knee  appeared  to  be 
limited  to  the  formation  of  bony  spicules  within  the  marrow  cavity,  the 
replacement  of  hemopoietic  tissue  by  dense  connective  tissue,  and  an 
inhibition  of  growth  of  the  epiphysial  cartilage  as  evidenced  by  its  being 
thinner  in  the  treated  animals.  The  thinning  of  the  epiphysial  plate  was 
previously  reported  following  estrogen  injections  (Sutro,  1940;  Silberberg 
and  Silberberg,  1941;  Gardner  and  Pfeiffer,  1943).  Silberberg  and  Silber¬ 
berg  (1941)  also  reported  a  temporary  hyperplasia  and  hypertrophy  of 
the  articular  cartilage  cells  and  a  hyalinization  and  sclerosis  of  the  carti- 
lagenous  ground  substance  following  estrogen  injection  in  mice  of  an  age 
comparable  to  those  used  in  the  present  experiment.  Sutro  (1940)  reported 
that  the  cells  of  the  articular  growth  plates  at  the  knee  in  mice  were  retarded 
in  their  activity.  In  contrast,  the  ligaments,  articular  cartilages  and  menisci 
of  the  knee  were  virtually  unchanged  in  the  estrogen-treated  mice  of  the 
present  study  when  compared  with  the  controls. 
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The  pattern  of  pubic  bone  resorption  in  the  present  experiment  was  the 
same  as  that  described  following  subcutaneous  estrogen  injections  (Gard¬ 
ner,  1936;  Hall,  1950;  Crelin,  1954b).  In  contrast  to  the  knee  pronounced 
changes  were  noted  in  the  interpubic  tissue  of  the  treated  animals.  In 
some  mice  the  cartilage  was  completely  replaced  by  an  interpubic  liga¬ 
ment.  These  findings  are  in  agreement  with  those  of  Gardner  (1936)  and 
Crelin  (1954c)  but  not  with  those  of  Hall  (1950).  She  reported  that  after 
injecting  1.5  /xg.  of  estrone  daily  from  8-20  days  there  was  a  resorption  of 
pubic  bone,  but  no  formation  of  an  interpubic  ligament. 

The  area  of  the  interpubic  tissue  adjacent  to  the  pubic  bones,  where 
reticular  fibers  were  found  in  the  treated  animals,  was  where  Gardner 
(1936)  described  the  proliferation  of  new  connective  tissue  following  es¬ 
trogen  treatment  in  mice.  Even  though  this  finding  may  be  possible  evi¬ 
dence  for  supporting  the  hypothesis  that  reticulum  is  a  precursor  of  col¬ 
lagen,  it  cannot  be  regarded  as  definite  since  the  observations  were  made 
only  at  the  end  of  the  30-day  period.  The  experiment  now  in  progress,  in 
which  changes  occurring  daily  during  this  period  are  being  recorded,  should 
yield  more  complete  evidence. 

The  nature  of  the  estrogenic  response  of  the  pubic  symphysis  in  mice 
still  remains  unknown.  The  response  is  highly  specific,  for  the  pubic  bones 
at  the  symphysis  respond  exactly  opposite  to  other  bones  of  the  body. 
Also  the  connective  tissue  replacement  of  symphysial  cartilage-  is  unique 
since  the  ligaments  and  articular  cartilages  of  the  knee  are  not  so  affected, 
even  with  direct  estrogen  application.  The  unique  manner  of  response 
appears  to  be  a  property  of  the  symphysial  tissue  itself  since  it  occurs 
identically  by  either  local  or  systemic  estrogen  application.  The  presence 
of  a  cartilage  and  or  bone-resorbing  enzj’me  secreted  locally  under  estro¬ 
genic  stimulation  by  an  organ  in  the  area  of  the  symphysis  to  produce  this 
specific  response  still  cannot  be  excluded.  The  urinary  bladder  may  in¬ 
fluence  the  response  for  it  is  in  direct  contact  with  those  portions  of  the 
symphysis  which  are  affected  first. 

The  results  of  the  present  experiment  show  that  the  gonads  and  their 
secretions  need  not  be  present  for  a  sexual  dimorphism  of  the  bony  pelvis 
to  develop  in  mice.  < 

The  effect  of  estrogen  on  the  urinary  bladder  was  previously  reported 
bj’  Gardner  (1935,  1936).  In  the  present  experiment  the  effect  was  most 
pronounced  in  the  males.  The  urinary  retention  was  probably  a  specific 
effect  of  estrogen  rather  than  a  result  of  injury  to  the  urethra  incidental 
to  the  operation,  since  none  of  the  glass-treated  mice  showed  any  signs  of 
retention  or  bladder  hypertrophy. 

SUMMARY 

Five-week-old  castrated  male  and  female  mice  each  received  2  implants 
of  estrone  particles:  in  contact  with  the  dorsal  surface  of  the  pubic  sym- 
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physis  and  under  the  patellar  ligament  of  the  left  knee.  Thirty  days  later 
the  animals  were  sacrificed.  Changes  in  estrogen-responsive  tissues  re¬ 
mote  from  the  implants  revealed  that  the  latter  were  sufficient  to  pro¬ 
duce  a  systemic  effect.  In  each  mouse  the  symphysis  was  flexible  and  the 
interpubic  gap  was  measurable.  Partial  resorption  of  the  pubes  occurred 
in  the  same  manner  as  that  produced  by  subcutaneous  estrogen  injec¬ 
tions.  The  degree  of  resorption  of  the  pubic  articular  raps  of  hyaline  carti¬ 
lage  and  the  replacement  of  the  symphysial  fibrocartilage  by  dense  col¬ 
lagenous  connective  tissue  was  variable.  In  a  number  of  each  sex  the  in¬ 
terpubic  tissue  consisted  almost  entirely  of  ligamentous  tissue  directly 
connected  to  the  pubic  bones  by  networks  of  fine  reticular  fibers. 

The  cartilages  and  ligaments  of  the  knee  in  each  mouse  were  normal, 
however,  medullary  bone  formation  occurred  in  the  patella  and  in  the 
epiphysis  and  metaphysis  of  the  femur  and  tibia.  In  these  bone-forming 
regions  the  marrow  cavities  of  a  number  of  mice  were  almost  completely 
replaced  with  coarse,  irregularly-oriented  bony  spicules.  An  extensive 
proliferation  of  reticular  fibers  occurred  in  the  areas  of  the  marrow  cavities 
where  the  bony  spicules  were  probably  being  formed.  The  epiphysial 
plates  were  thinner  than  those  of  untreated  control  mice.  The  abov'e 
changes  also  occurred  in  the  untreated,  contralateral  knee. 

Although  9-week-old,  untreated,  male  and  female  control  mice  were 
castrated  3  weeks  before  puberty,  a  definite  sexual  dimorphism  of  their 
pelves  developed. 
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REDUCTION  OF  PITUITARY  CONTENT  OF  ACTH 
BY  CORTISONE 


(K)RDON  L.  FARRELU  and  GERT  LAQUEUR 

Xational  Institute  of  Arthritis  arid  Metabolic  Diseases,  Xational  Institutes 
of  Health,  Bethcsda,  Maryland 

CORTISONE  administration  induces  adrenocortical  atrophy  in  experi¬ 
mental  animals  (Ingle  and  Kendall,  1937)  and  in  man  (Sprague  et  al., 
1950;  Wilkins  ct  al.,  1950).  The  mechanism  of  action  of  the  steroid  is  in 
part  a  reduction  in  rate  of  discharge  of  ACTII  from  the  adenohypophysis. 
However,  the  steroid  has  been  reported  to  induce  histopathological  changes 
in  the  pituitary  and  the  possibility  exists  that  actual  interference  with 
ACTH  synthesis  as  well  as  discharge  occurs.  The  present  report  indicates 
that  cortisone  decreases  the  rate  of  synthesis  of  ACTH  by  the  pituitary  of 
the  dog. 


MATEHIALS-AXD  METHODS 

Three  mongrel  dogs  were  treated  with  cortisone,  100  mg.  per  day,  by  svd)cutaneous 
injection.  One  animal  was  treated  with  cortisone  for  14  days,  a  .second  for  44  days  and  a 
third  for  71  days.  Three  dogs  received  injections  of  saline  and  served  as  controls.  At  the 
end  of  the  treatment,  each  dog  was  anesthetized  with  sodium  pentobarbital  and  killed 
by  exsanguination.  The  pituitaries  were  removed  as  quickly  as  possible  and  the  anterior 
lobes  were  frozen  immediately  upon  removal.  The  frozen  pituitary  tissue  was  lyophilized, 
])owdered  and  stored  in  a  desiccator.  The  ACTH  content  of  the  glands  was  determined 
by  the  ascorbic  acid-depletion  method  of  Sayers  et  al.  (1948).  Male  rats  from  the  Sprague- 
Dawley  farm,  weighing  120  to  150  gm.,  were  hypoj)hy.sectomized  22  to  26  hours  before 
assay.  The  left  adrenal  was  removed  and  prepared  for  ascorbic  acid  analysis,  and  the 
solution  to  be  as.sayed  was  injected  intravenously  in  a  volume  of  1  ml.  or  less.  One  hour 
later  the  right  adrenal  was  removed  and  i)repared  for  ascorbic  acid  analysis.  The  dif¬ 
ference  in  ascorbic  acid  concentrations  between  the  left  (control)  and  right  (treated) 
adrenals  was  taken  as  a  specific  measure  of  ACTH  activity.  At  the  completion  of  the 
assay  the  sellae  tursicae  of  the  assay  rats  were  exposed  and  the  completeness  of  hypo- 
physectomy  determined  by  examination  under  9X  magnification.  Results  from  incom- 
pleteb’  hypophysectomized  rats  were  discarded.  Ascorbic  acid  was  analyzed  by  the 
method  of  Mindlin  and  Butler  (1937). 

The  i)ituitary  tissue  was  dissolved  in  a  few  ml.  of  0.9%  sodium  chloride  solution,  0.01 
N  with  hydrochloric  acid,  about  2  hours  before  injection  and  diluted  with  0.9%  sodium 
chloride  .solution  to  apj)ropriate  concentrations  for  assay.  The  assays  were  conducted  on 
3  assay  days.  A  dose-response  curve  had  been  previously  determined  for  lyophilized  dog 
jrituitary,  which  showed  a  linear  regression  of  response  with  doses  over  the  range  1.25 
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to  20  mK-  of  lyophilized  anterior  pituitary.  Accordingly,  doses  of  1.25,  5  and  10  mK- 
pituitary  were  employed  on  the  first  assay  day.  As  will  be  seen  from  the  results  (Table  1) 
these  doses  were  adequate  for  assaj'  of  normal  pituitary,  but  were  below  the  minimal 
dose  necessary  for  a  response  with  pituitaries  from  the  44-day  and  71-da}'  cortisone- 
treated  dogs.  Accordingly,  the  doses  of  pituitary  from  these  dogs  were  increased  to  20 
and  80  mK-  on  the  second  day  and  finally  to  80  and  160  mK-  on  the  third  a.ssay  day. 

RESULTS  AND  DISCUSSION 

The  results  are  presented  in  Table  1.  It  is  evident  from  these  data  that 
prolonged  treatment  with  cortisone  profoundly  decreased  the  pituitary 
content  of  ACTH.  There  was  no  significant  difference  in  the  ACTH  con¬ 
tent  of  pituitaries  from  the  3  control  dogs.  Analysis  of  variance  and  estima¬ 
tions  of  relative  potency  on  the  assay  data  reveal  that  1)  the  doses  of  lyo- 


Table  I.  .\ssay'  of  ACTH  content  or  anterior  pituitary  olands 

FROM  CORTISONE-TREATED  AND  CONTROL  DOGS 


Doses  of 
lyophiliied 
anterior 

Cortisone-treated  dogs 
(100  mg./day) 

Control  dogs 
(No  cortisone) 

MS- 

U  day 

44  day 

71  day 

1 

2 

3 

1.25 

44, 4,34,9 

16,12 

-12.  -3 

64,56,33, 86 

83, 37,54,72 

62,30,81,60 

5.0 

92,110,84,89 

17,-11,-16,21 

13,6,-18,-16 

103,121,114,106 

119, 83, 102,146 

91,105,95, 102 

10.0 

97, 94,  126,122 

122,119,152,160 

106,119,126,125 

111,117,102,118 

20.0 

30,59, 18,29 

33,25, 9,-4 

80.0 

85, 100, 68, 104 

66,102, 49,34 

160.0 

106, 102, 106, 84 

108,90,96,93 

'  By  the  method  of  Sayers  el  al.  Values  idven  are  depletion  of  adrenal  ascorbic  acid  of  the  hypophysectoniised  rat,  expressed  as  niK-/ 100 
gm.  adrenal  tissue. 


Source  of  tiartafton 

Among  3  control  donors 

Common  regression,  6  donors 

Analytii  of  Variance 
D.F.  S.S. 

2  1,109.55 

1  64,032.89 

M.S. 

554.78 

64,032.89 

F  P 

1.06  .2-.1 

Significant? 

no 

yes 

Deviation  from  common  regration 

Individual  donor  regression  difTerences 

Deviation  of  means  from  individual  regressions 
Within  means  (assay  error) 

65  19,298.87 

5  1,799.80 

6  1,365.82 

54  16,133.25 

359.96 

227.64 

298.76 

1.20 

0.76 

no 

no 

Estimate  of  potency,  cortisone-treated,  controls 

Total  dose  of  cortisone 

7. 1  gm. 

4.4  gm. 

1.4  gm. 

Estimated  potency 

2.06% 

3.26% 

54% 

95%  confidence  limits 
of  potency  estimate 
0.78%-  5.46% 
1.23%-  8.65% 
20.3%  -143% 

philized  pituitary  which  were  studied  induced  a  response  curve  with  a 
highly  significant  slope,  2)  the  slopes  obtained  from  each  of  the  pituitary 
preparations  did  not  differ  significantly  from  each  other,  3)  there  was  no 
significant  departure  from  linearity  in  any  instance.  The  95%  confidence 
limits  for  the  potency  estimates  take  into  account  both  the  assay  error  and 
the  differences  between  control  pituitaries,  but  reflect  primarily  the  latter, 
which  are  believed  to  be  the  more  valid  error  term  for  this  estimate.  The 
resulting  confidence  limits  are  consequently  quite  wide  since  there  are  only 
2  degrees  of  freedom  for  estimating  differences  between  controls.  Even  with 
the  use  of  this  maximum  estimate  of  confidence  limits,  the  pituitary  from 
the  dog  which  had  received  100  mg.  cortisone  for  44  days  was  calculated 
to  contain  at  most  9%  the  quantity  of  ACTH  of  the  control  pituitaries, 
while  that  from  the  dog  which  had  been  treated  for  71  days  contained  at 
most  6%  the  amount  of  the  controls. 
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Sayers  et  al.  (1947)  demonstrated  that  the  injection  of  certain  corticos¬ 
teroids  could  decrease  the  release  of  ACTH.  The  above  data  is  taken  as 
evidence  that  the  injected  cortisone  can  markedly  reduce  synthesis  of  the 
trophic  hormone.  Had  release  of  the  hormone  been  suppressed,  and  syn¬ 
thesis  continued  at  the  same  rate,  accumulation  of  ACTH  in  the  gland 
would  have  been  expected.  However,  a  decrease  in  ACTH  content  of  the 
pituitary  in  the  presence  of  a  diminution  of  secretion  is  consistent  only 
with  a  diminished  rate  of  .synthesis. 

It  is  postulated  that  adrenocorticosteroids  exert  their  pituitary  depress¬ 
ing  role  in  the  homeostatic  balance  of  ACTH  release  and  adrenocortical 
response  by  depressing  not  only  the  release  of  ACTH  but  the  synthesis  of 
this  trophic  hormone  as  well. 

The  observed  profound  decrease  in  pituitary  ACTH  content  following 
cortisone  treatment  adds  further  evidence  that  the  adrenocortical  atrophy 
reported  in  long-term  cortisone  therapy  (Sprague  et  al.,  1950;  Wilkins  et  al., 
1950)  is  mediated  by  suppression  of  pituitary  activity. 

SUMMARY 

Dogs  were  treated  with  cortisone,  100  mg.  per  day,  for  14,  44  and  71 
days.  The  pituitaries  were  removed  and  assayed  for  ACTH  content  as 
compared  to  controls.  The  ACTH  content  was  found  to  be  depressed  to 
54%  of  control  lev'els  in  14  days,  3%  in  44  days  and  2%  in  71  days. 
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ELECTROPHORETIC  STUDIES  ON  THE  DISTRIBUTION 
OF  HEXOSAMINE  IN  PROTEINS  OF.  THE 
THYROID  GLAND 


NORMAN  F.  BOAS*  a\d  JOSEPH  B.  FOLEY 

Xational  Institute  of  Arthritis  and  Metabolic  Diseases,  Xational  Institutes  of  Health, 
Public  Health  Service,  U.S.  Department  of  Health,  Education  and  Welfare, 
Bethesda,  Maryland 

The  existence  of  glycoproteins  in  the  thyroid  gland  has  been  suggested 
on  the  basis  of  histochemical  studies  (Fisher,  1953;  Glegg,  Clermont, 
and  Leblond,  1952;  Gersh,  1950;  Levine,  1950).  With  the  exception  of 
isolated  glucosamine  and  hexose  determinations  on  thyroglobulin  (Bland 
Kassell  and  Heidelberger,  1939;  Glegg,  Clermont  and  Leblond,  1952)  and 
the  qualitative  identification  of  mannose  and  galactose  in  whole  thyroid 
tissue  (Werner,  1953),  few  direct  chemical  studies  have  been  applied  to 
the  distribution  of  sugars  in  the  thyroid  gland. 

In  the  course  of  a  study  on  the  distribution  of  hexosamines*  in  body  tis¬ 
sues,  it  was  noted  that  thyroid  glands  contained  relatively  large  concen¬ 
trations  of  hexosamine  (Boas,  1953).  In  order  to  interpret  this  and  to 
identify  the  hexosamine-rich  substance  or  substances  in  the  thyroid, 
electrophoretic  studies  were  carried  out  on  extracts  of  hog  thyroid.  The 
distribution  of  hexoses  and  uronic  acid  were  also  studied  in  an  attempt  to 
characterize  further  the  glycoproteins  present.  Animal  studies  were  carried 
out  to  study  the  influence  of  hypophysectomy,  thyrotropic  hormone  and 
stress  on  the  amount  of  thyroid  hexosamine. 

METHODS 

Fresh  hog  thyroids  were  delivered  in  a  frozen  state  from  a  local  slaughter  house.  Tliey 
were  immediately  placed  in  flasks  and  lyopholyzed  until  free  of  water.  The  dry  fatt.v 
chunks  were  ground  in  a  Waring  Blendor  prior  to  extraction. 

pH  8.6  Extraction. — 2.75  gms.  of  ground  thyroid  were  extracted  for  24  hours  at  4°  C. 
with  40  ml.  of  pH  8.0  veronal  buffer  (ionic  strength  0.00).  Following  centrifugation,  the 
residue  was  re-extracted  and  sei)arated  four  times  in  a  similar  fashion.  The  final  residue 
was  desalted,  defatted  and  dehydrated  by  washing  with  juogressivel.v  increasing  concen¬ 
trations  of  acetone  (70-100%).  The  final  weight  was  329  mg.  The  fat  removed  rfei)re- 
sented  51%  of  the  starting  material.  The  veronal  extracts  were  pooled,  dialyzed  against 
water  and  lyopholized,  yielding  1010  mg.  of  powder. 

pH  4.-5  Extraction. — 2.75  gm.  of  ground  thyroid  were  extracted  with  pH  4.5  sodium 
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iicetate-iicetic  acid,  sodium  chloride  buffer  (ionic  strength  0.1)  (Mehl,  1950)  according 
to  the  scheme  used  for  veronal.  The  extract  powder  weighed  70  mg.  and  the  defatted 
residue  1294  mg.  The  fat  removed  represented  50%  of  the  starting  material. 

Electrophoresis. — Paper  electrophoresis  was  carried  out  on  a  horizontal  apparatus 
(Arthur  Thomas  Co.)  using  Whatman  X"o.  1  filter  jjaper  sheets.  A  10%  solution  of  an 
unknown  sample  was  applied  evenly  on  a  150  mm.  starting  line  in  a  volume  of  0.10  ml. 
Each  separation  was  run  for  5-6  hours  at  8-10  niA  and  250-200V  in  pH  8.6  veronal 
buffer,  or  at  10  mA  and  20V  in  pH  4.5  acetate-sodium  chloride  buffer. 

Protein. — To  determine  the  distribution  of  proteins  following  electrophoresis  the  paper 
was  dried  in  an  oven  at  110°  C.  for  twenty  minutes.  A  narrow  longitudinal  strip  was  cut 
out  and  stained  for  seven  minutes  in  an  alcoholic  solution  of  0.1%  bromphenol  blue  satur¬ 
ated  with  mercuric  chloride  (Durrum,  1950),  rinsed  in  tap  water  for  five  minutes  and 
dried  in  an  oven  at  110°  C.  The  strip  was  then  read  at  600  m/x  on  a  Beckman  spectro¬ 
photometer  (Model  DU)  by  means  of  a  specially  constructed  strip  holder.  A  protein  dis¬ 
tribution  curve  was  obtained  by  charting  optical  density  (ordinate)  against  distance 
migrated  (abscissa)  on  graph  paper.  The  i)rotein  distribution  was  estimated  by  cutting 
out  the  charted  electrophoretic  curve,  weighing  it  and  relating  the  weight  of  each  com- 
jmnent  to  the  total  weight.® 

Xilrogen. — The  nitrogen  content  of  samples  was  determined  by  a  Kjeldahl  micro¬ 
method. 

Ilexosamine. — The  electroi)horetic  distribution  of  hexosamine  was  determined  by 
cutting  off  bands  of  unstained  but  oven-dried  paper  corresponding  to  the  protein  peaks 
determined  on  parallel  strips.  Each  band  of  paper  was  hydrolyzed  in  IX  hydrochloric 
acid  for  15  hours  and  after  isolation  with  Dowex-50,  hexosamine  was  determined  by  a 
modification  of  the  method  of  Elson  and  Morgan  (Boas,  1953).  The  residues,  extracts, 
and  thyroids  from  other  animals  were  hydrolyzed  in  3X  hydrochloric  acid  for  fifteen 
hours  and  treated  similarly. 

Hexoses. — Hexoses  were  determined  by  a  modification  of  the  anthrone  method 
(Kai)uscinski  and  Zak,  1953)  using  an  ecjuimolar  glucose-mannose-galactose  standard. 
In  order  to  determine  the  electrophoretic  distribution  of  hexoses,  the  pai)er  was  dried 
by  lyopholization  and  using  i)H  8.6  veronal  buffer  the  proteins  were  eluted  from  bands 
corresimnding  to  the  jjiotein  i)eaks  determined  on  i)arallel  strips.  After  filtering,  these 
eluates  were  used  in  the  anthrone  method. 

Vronic  Acid. — Uronic  acid  was  determined  on  samples  of  the  residues  and  extracts  by 
a  modification  of  the  carbazole  method  of  Dische  (1946)  which  utilized  a  tissue  blank  in 
correcting  for  most  of  the  non-si)ecific  color  development  and  in  which  the  standard  of 
reference  was  the  difference  between  the  readings  of  two  duplicate  tissue  .samples,  with 
and  without  glucuronolactone.  All  of  the  uronic  acid  values  reported  are  higher  than 
their  actual  content,  since  it  was  necessary  to  use  relatively  large  amounts  of  these  sam¬ 
ples  to  detect  the  small  amounts  of  uronic  acid  present.  This  resulted  in  the  development 
of  some  non-specific  background  absorption  for  which  a  correction  could  not  be  made. 

Iodine. — Iodine  determinations  were  i)erformed  by  the  chloric  acid  method  (Zak, 
et  al.  1952)  on  protein  samples  and  on  unstained  pai)er  following  electrophoretic  separa¬ 
tion  of  the  proteins. 

Animal  Experiments. — Male,  Sprague-Dawley  rats  were  individually  caged,  fed  a 
stock  diet  (Boas  and  Peterman,  1953)  and  permitted  to  drink  water  ad  libitum.  Hypo- 
physectomy  was  i)erformed  by  the  parapharyngeal  approach  under  ether  anesthesia. 
All  hypophysectomized  rats  and  their  controls  received  injections  of  5000  units  of  peni¬ 
cillin  a  day.  Two  pituitary  hormone  preparations  containing  thyrotropic  hormone 

®  Xo  corrections  have  been  made  for  the  variation  in  dye-binding  capacity  of  the  dif¬ 
ferent  proteins. 
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activity/  were  injected  subcutaneously  daily.  The  animals  were  killed  with  ether  and 
completeness  of  hypophysectom}’  determine*!  hy  examination  of  the  sella  turcica  under 
magnification.  Only  completely  hypophysectomized  rats  are  included  here.  In  one 
experiment  in  which  the  effect  of  stress  was  studied  the  right  femur  and  tibia  were  frac¬ 
tured  under  light  ether  anesthesia. 

RESULTS 

Hcxosamine  in  Thyroids. — Normal  thyroid  gland.s  from  several  species 
of  animals  and  a  sample  of  human  non-toxic  nodular  goiter  were  analyzed 
for  their  hexosamine  content  (Table  1).  The  rat  and  chick  had  the  lowest 


Table  1.  Hexosamine  context  of  thyroids  ok  several  scecies 


Rat 

1 .04 

C'hick 

1.28 

Human 

1.38 

Dog 

1  .48 

Hog 

1  .83 

Monkey 

1  .9,5 

Guinea  Pig 

2.10 

*  .\cctonc  drictl  tissue. 


concentrations  and  the  hog,  monkey  and  guinea  pig  had  the  highest.  All, 
however,  had  appreciable  amounts  of  hexosamine  varying  from  1-2%  of 
the  dry  weight. 

pH  8.6  Extract. — In  order  to  extract  thyroglobulin,  pH  8.6  veronal  buf¬ 
fer  was  used.  The  veronal-soluble  extract  represented  75.8%  of  the  total 
dry  fat-free  thyroid  (Table  2).  In  addition,  this  fraction  contained  92.6% 
of  the  total  thyroid  hexosamine,  87.9%  of  the  total  thyroid  hexose  but 
essentially  no  uronic  acid  (3.2%).  This  fraction  also  contained  98.3%  of 
the  total  iodine,  demonstrating  almost  complete  extraction  of  thvroglob- 
ulin.  The  residue  contained  most  of  the  uronic  acid  (96.8%),  but  this 
represented  a  concentration  of  le.ss  than  0.19%. 

Electrophoresis  of  pH  8.6  Extract. — To  study  the  composition  of  this 
extract,  replicate  samples  were  separated  electrophoretically  and  analyzed 
for  hexosamine,  hexose  and  iodine  (Fig.  1).  A  large  protein  peak  developed 
which  represented  49.0%  of  the  protein  in  the  extract  and  with  a  mobility 
similar  to  alpha-globulin  of  serum.  On  analysis  this  was  found  to  contain 
78.0%  of  the  total  hexosamine  and  69.8%  of  the  total  hexose  in  the  ex¬ 
tract.  This  peak  was  identified  as  thyroglobulin  since  it  contained  over 
95.0%  of  the  total  iodine  in  the  extract  and  had  a  mobility  identical  to  a 

‘Thyrotropic  hormone — Armour  Lot  No.  129-31 PRR3,  kindly  supplied  hy  Dr. 
Irby  Bunding,  Armour  Laboratories,  Chicago.  Growth  hormone,  No.  Cs  R,  E.  R. 
Squibb  and  Sons.  Contains  thyrotropic  activitj'  in  the  dosage  administered.  Supplied 
by  Dr.  Robert  W.  Bates. 
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ELECTROPHORESIS  AT  pH  8.6 


DISTRIBUTION  (%  OF  EXTRACT) 


PROTEIN 

49.0 

26.1 

24.9 

HEXOSAMINE 

78.0 

12.7 

9.3 

HEXOSE 

69.8 

5.7 

24.5 

IODINE 

>95.0 

TRACE 

TRACE 

Fig.  1.  Electrophoresis  of  pH  8.6  extract  of  hog  tluToid  and  normal  human 
serum  in  pH  8.6  veronal  buffer. 

known  thyrogobulin  preparation  (CH-29).“  The  slower  moving  compo¬ 
nents  probably  represented  nucleoproteins  which  are  present  in  thyroid 
gland  extracts  (Heidelberger  and  Palmer,  1933).  When  the  pH  8.6  extract 
was  subjected  to  electrophoresis  in  pH  4.5  acetate-NaCl  buffer,  it  remained 
almost  entirely  immobile  on  the  starting  line.  A  small  slow-moving  pro- 


Tabi.e  2.  Chemical  analysis  of  pH  4. .5  (acetate-NaCl  buffer)  and  pH  8.6 
(veronal  buffer)  extracts  of  hog  thyroid 


Per 

cent  distribution 

agent 

Fraction 

Drv 

wt. 

Hexos- 

amine 

Iodine 

Uronic 

acid 

Hexose 

pH  8.6  Veronal  buffer 

Extract 

75.8 

92.6 

98.3 

3.2 

87.9 

Residue 

24.2 

7.4' 

1 .7 

96.8 

12.1 

pH  4.5  NaCl- 

Extract 

5.4 

16.7 

0.8 

16.0 

10.5 

Acetate  buffer 

Residue 

94.6 

83.  .3 

99.2 

84.0 

89.5 

Concentration  (%  dry  wt.) 

pH  8.6  Veronal  buffer 

Extract 

_ 

2.10 

0.72 

<0.02 

3.14 

Residue 

— 

0.51 

0.04 

<0.19 

1.33 

pli  4.5  XaCl- 

Extract 

_ 

5.88 

0.10 

<0.28 

6.80 

Acetate  buffer 

Residue 

— 

1.72 

0.61 

<0.08 

3.36 

®  Hog  thyroglobulin,  CH-29,  Lot  No.  91921  generously  supplied  by  Dr.  Robert  L* 
Kroc  of  Warner-Chilcott  Laboratories,  Morris  Plains,  N.  J. 
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tein  band  migrating  toward  the  anode,  however,  almost  invariably  ap¬ 
peared.  It  stained  faintly  with  bromphenol  blue  and  contained  hexosamine. 

Analysis  of  Thyroglobulin. — According  to  the  analytical  data  obtained 
by  electrophoresis,  the  thyroglobulin  contained  3.3%  hexosamine,  4.5% 
hexose  and  insignificant  amounts  of  uronic  acid  (Table  3)..  When  expressed 
in  terms  of  the  distribution  of  these  substances  in  whole  thyroid,  thyro¬ 
globulin  contained  37.0%  of  the  total  thyroid  protehi,  72.2%  of  total  thy¬ 
roid  hexosamine,  61.4%  of  total  thyroid  hexoses,  insignificant  amounts 
of  uronic  acid  and  essentially  all  of  the  iodine. 

pH  1^.5  Extract. — Since  blood  thyroxin  is  carried  by  the  carbohydrate- 
rich  serum  alpha-globulins  (Gordon,  Gross,  O’Connor,  and  Pitt-Rivers, 
1952)  and  since  the  thyroxin-binding  protein  (Robbins,  Petermann  and 

Table  3.  Analysis  of  ELErTROPHORETiCALi.Y-sEPARATED  thyroolobilin 


Distribution  (%)* 

Thyrogloliulin - 

(%  (iry  \vt.)  Thyro-  Rest  of 

globulin  tiu’roid 


Protein  (as  XX().25) 

85. 5t 

37.0 

03.0 

Hexosamine 

3.34 

72.2 

27.8 

Hexose 

4.50 

01  .4 

38.0 

Uronic  Acid 

<0.02 

3.2 

00.8 

Iodine 

1.42 

>03.5 

<  0.5 

*  Calculations  based  on  data  in  Table  2  and  Figure  1. 

t  Based  on  analysis  of  pH  8.(1  veronal  extract.  Slay  be  slightly  higher  for  thyroglobulin 
since  slower  moving  eomiionents  are  jirobably  nueh'oproteins. 


Rail)  and  alpha  and  beta  globulin  mucoproteins  can  be  electrophoretically 
separated  from  the  other  serum  proteins  at  pH  4.5  (Mehl,  1950),  the  ques¬ 
tion  of  the  presence  of  similar  acid-soluble  mucoproteins  in  the  thyroid 
was  examined.  Hog  thyroid  was  extracted  with  pH  4.5  acetate-sodium 
chloride  buffer.  Thyroglobulin  has  an  isoelectric  point  of  pH  4.5  (Heidel- 
berger  and  Pedersen,  1935-6),  so  would  be  almost  completely  insoluble 
under  these  conditions.  The  soluble  pH  4.5  extract  contained  only  5.4% 
of  the  weight  of  dry  defatted  thyroid,  so  represented  only  a  small  fraction 
of  the  thyroid  (Table  2).  Since  the  extract  contained  only  0.8%  of  the 
total  thyroid  iodine,  thyroglobulin  remained  almost  entirely  in  the  residue. 
The  amount  of  the  total  thyroid  hexosamine  and  hexose  in  this  fraction 
was  also  small,  which  was  expected  since  most  of  the  hexose  and  hexos¬ 
amine  was  in  the  thyroglobulin  fraction.  The  pH  4.5  extract  had  a  high 
concentration,  however,  of  hexosamine  (5.88%)  and  hexose  (6.8%)  but 
had  only  small  amounts  of  uronic  acid  (less  than  0.27%). 

Electrophoresis  of  pH  Extract. — When  the  pH  4.5  extract  was  sepa¬ 
rated  electrophoretically  in  pH  8.6  veronal  buffer,  the  protein  migrated 
as  two  major  peaks  (Fig.  2).  One  had  a  mobility  similar  to  albumin  and 
the  other  that  of  a  slower  moving  globulin.  Since  the  faster  moving  com- 
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ponent  was  not  present  in  the  pH  8.6  veronal  extract  run  under  the  same 
conditions,  it  probably  was  not  albumin.  The  slower  moving  proteins  did 
not  appear  to  represent  thyroglobulin  unless  it  were  in  a  denatured  or 
altered  form,  since  thyroglobulin  is  insoluble  under  these  conditions  and 
since  this  fraction  contained  only  0.1%  iodine.  Hexosamine  was  distributed 
over  the  entire  fraction  but  witli  higher  concentrations  (7.6-8.8%)  in  the 


ELECTROPHORESIS  AT  pH  8.6 


DISTRIBUTION 

(%  OF 

EXTRACT) 

PROTEIN 

30.4  21.7 

26.8 

18.9 

2.2 

HEXOSAMINE 

216  32.3 

34.8 

10.4 

0.9 

CONCENTRATION  (  %  PROTEIN  ) 

HEXOSAMINE 

4.2  8.8 

7.6 

3.2 

2.5 

PTg.  2.  Electrophoresis  of  i)H  4.5  extract  of  hog  thyroid  and  normal  human 
serum  in  pH  8.(5  veronal  buffer. 


proteins  with  mobilities  similar  to  the  serum  globulins.  This  extract,  there¬ 
fore,  was  very  rich  in  hexosamine  and  hexose,  and  may  have  represented 
either  a  chemically  altered  thyroglobulin  or  an  unidentified  glycoprotein. 
The  extract  did  not  appear  to  contain  either  }iyaluronic  acid  or  chrondroitin 
sulfate  in  any  appreciable  amounts  since  the  concentration  of  uronic  acid 
in  the  extract  was  very  low  (0.28%)  (Table  2). 

In  an  effort  to  characterize  further  this  glycoprotein  the  pH  4.5  extract 
was  separated  electrophoretically  in  pH  4.5  acetate-sodium  chloride  buffer 
(Figure  3).  Three  protein  peaks  of  low  mobility  appeared.  The  fastest 
inovdng  component  had  a  higher  hexosamine  concentration  (11.5%)  than 
any  thyroid  protein  examined.  This  glycoprotein  appeared  to  be  distinct 
from  thyroglobulin  and,  as  suggested  wlien  separated  in  pH  8.6  buffer, 
it  may  have  represented  a  chemically  altered  thyroglobulin,  or  unidentified 
glycoprotein  with  some  similarities  to  the  mucoprotein  fractions  of  .serum 
(Mehl,  1950)  and  the  thyroxin-binding  protein  of  serum  (Robbins,  Peter- 
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ELECTROPHORESIS  AT  pH  4.5 

+  - 

PROTEIN  OF 

pH  4.5  THYROID  EXTRACT 


DISTRIBUTION  (%  OF  EXTRACT) 


PROTEIN  3  1.4  42.7  25.9 

HEXOSAMINE  66.4  30.2  3.6 

CONCENTRATION  (%  PROTEIN  ) 

HEXOSAMINE  11.5  4.0  0.7 

Fig.  3.  Electrophoresis  of  pH  4.5  extract  of  hog  thyroid 
in  pH  4.5  acetate-NaCl  buffer. 

mann  and  Rail).  In  amount,  this  hexosamine-rich,  fast-moving  component 
in  pH  4.5  buffer  represented  only  1.7%  of  the  total  thyroid  protein. 

Hypophysectomy. — Since  it  was  shown  that  thyroid  hexosamine  was 
largely  contained  in  thyroglobulin,  it  became  of  interest  to  study  the 
effects  of  physiological  situations  known  to  affect  profoundly  the  functional 
state  of  the  thyroid.  In  Experiment  I,  rat  thyroids  studied  .seven  days 
following  hypophysectomy  were  significantly  smaller  than  those  in  un¬ 
operated  controls  (Table  4).  Their  total  hexosamine  content  (/xg.)  was  un¬ 
changed.  As  a  consequence  of  the  weight  changes,  the  concentration  of 
hexosamine  increased  significantly. 

Thyrotropic  Hormone  (TSH). — In  Experiment  II  two  preparations  of 
pituitary  hormones  known  to  contain  TSH  activity  were  given  to  hypo- 


Tabi.e  4.  Effect  of  hypophysectomy  and  treatment  with  pituitary 

HORMONES  ON  THYROID  HEXOSAMINE* 


Expt. 

Group 

No. 

rats 

Body  wt. 
(gm.) 

Thyroid 

(mg) 

Hexosamine 

Total 

(Mg.) 

Mg./lOO 

gm. 

I 

Control 

5 

138  +  7 

9. 5+0. 7 

24.6  +  1.2 

257  +  14 

Hypophysectomy 

6 

99+4 

5. 7+0. 2 

21.1  ±0.8 

369  ±  13 

II 

Hypophysectomy 

4 

100+3 

6. 2+0.1 

25.5±1 .6 

410  ±23 

Hypophysectomy — TSH  f 

4 

104+8 

11.1  ±1.0 

26.5±2.1 

244  ±26 

Hypophysectomy — GHJ 

3 

135+2 

10.9±1.2 

28.3±2.5 

260  ±  7 

*  Mean+S.E.  All  rats  treated  7  days  from  day  of  operation, 
t  TSH  given  3  mg.  per  day  in  corn  oil  with  aluminum  monostearate, 
i  GH  given  2  mg.  per  day  in  water. 
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pliysectomized  rats  for  seven  days  from  the  day  of  operation  (Table  4). 
Both  treated  groups  developed  significant  increases  in  thyroid  weight 
but  no  change  in  the  total  thyroid  hexosamine.  As  a  consequence,  the 
concentration  of  thyroid  hexosamine  decreased  significantly. 

Stress  (fracture). — To  test  the  influence  of  stress  on  thyroid  function, 
rats  were  killed  at  intervals  (1,  2,  4  and  9  days)  following  experimental 
fractures  and  the  thyroid  glands  examined.  No  significant  changes  in 
total  hexosamine  or  the  concentration  of  hexosamine  resulted.  The  thyroid 
weight  changes  were  attributable  to  the  growth  of  the  animals  during  this 
period  (Table  o). 

DISCUSSION 

Thyroid  glands  from  several  species  of  animals  have  uniformly  demon¬ 
strated  high  concentrations  of  hexosamine.  It  has  been  shown  that  in  hog 
thyroid  72%  of  the  total  thyroid  hexosamine  is  present  in  thyroglobulin. 


Tahi.e 

.5.  Efkect  ok 

STRESS  (kRACTI  RE)  OX  THYROID 

HEXOSAMINE* 

Days 

aftt'r 

fractun* 

No. 

rats 

Hody  \vt. 
(gin.) 

Thyroid 

(i«K-) 

Tliyroid 

mg. /1 00  gin. 
Hody  \vt. 

Hexosamine 

Total  Mg./lOO 

(mK-)  gm. 

0 

7 

10.5  +:{ 

9.5+0.() 

9.0+0.:i 

27.1+1.1 

287+  9 

1 

7 

1 1:1+4 

9.8+0.:i 

8.7  +0.0 

27.2  +  1.9 

279  +  18 

2 

7 

107 +:i 

8.8+0.:{ 

8.2+0.:{ 

2:1.0  + 1 .8 

270+20 

4 

7 

120  +  4 

1  1  .0+0.0 

9. 2+0. 2 

29.:i+2. 1 

200  +  i;j 

9 

() 

i:i7±.5 

12.0  +0.2 

8.8±0.2 

:io.8±i.7 

2.57  +  18 

*  Mean  +  Standard  Error. 


Total  thyroid  hexosamine  may  therefore  provide  a  reasonable  index  of  the 
amount  of  thyroglobulin  pre.sent.  Idle  value  of  3.3%  hexosamine  reported 
here  in  thyroglobulin  is  slightly  higher  than  the  values  reported  by  Brand, 
Kassell,  and  Ileidelberger  (1939)  and  by  Glegg,  Clermont,  and  Leblond 
(1952).  In  addition,  it  was  found  that  hog  thyroglobulin  contained  4.5% 
hexose.  Although  identified,  no  figures  were  given  for  hexoses  by  Brand, 
Kassell,  and  Ileidelberger  (1939).  Since  thyroglobulin  is  elect rophoretically 
homogeneous  (Kamal  and  Turner,  1951;  Derrien,  et  al.,  1949)  it  appears 
that  thyroglobulin  is  a  glycoprotein,  a  finding  in  agreement  with  the  histo- 
chemical  observations  of  Gersh  (19.50)  and  Glegg,  Clermont,  and  Leblond 
(19.52). 

A  small  acid-soluble  mucoprotein  fraction  has  been  demonstrated  in  the 
thyroid.  It  is  very  rich  in  hexosamine  (11.5%)  and  its  electrophoretic 
'mobility  in  pll  4.5  buffer  is  similar  to  the  mucoprotein  fraction  (MP-2) 
of  Mehl  (19.50)  and  thyroxin-binding  protein  (Robbins,  Petermann  and 
Rail).  The  pH  4.5  extract  which  contained  this  mucoprotein  also  contained 
hexoses  and  iodine  (0.1%). 

On  the  basis  of  the  analytical  data  presented  here  there  is  little  evidence 
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to  support  the  histochemical  observations  that  the  tliyroid  gland  contains 
hyaluronic  acid  (Gersh,  1950,  Levine,  1950)  or  other  mucopolysaccharides 
(Fisher,  1953).  All  of  the  fractions  studied  contained  only  barely  detectable 
quantities  of  uronic  acid.  In  whole  dry  hog  thyroid  the  uronic  acid  con¬ 
centration  was  less  than  0.08%,  giving  a  hexosamine — uronic  acid  ratio 
of  greater  than  23:1.  If  the  uronic  acid  represented  mucopolysaccharides 
of  the  thyroid  cells  or  colloid  it  is  unlikely  that  there  would  be  sufficient 
to  given  any  histochemical  staining  reaction.  The  small  amounts  of  uronic 
acid  present  could  more  readily  be  explained  on  the  basis  of  a  mucopoly¬ 
saccharide  of  the  thyroid  connective  tissue  which  would  also  not  normally 
.stain. 

If  total  thyroid  hexosamine  is  a  reliable  index  of  changes  in  total  thyroid 
thyroglobulin,  it  would  appear  that  thyroglobulin  cannot  easily  be  altered 
in  amounts  by  either  hypophysectomy  or  the  administration  of  TSH. 
Although  it  is  well  known  that  the  iodine  content  of  the  thyroid  decreases 
following  stimulation  with  TSH,  this  does  not  nece.ssarily  reflect  a  de¬ 
crease  in  thyroglobulin  since  the  iodine  content  of  thyroglobulin  varies 
with  different  physiological  states  (Derrien,  Alichel,  and  Roche,  1948). 

SUMMARY 

Thyroid  glands  of  v'arious  species  of  animals  and  man  have  a  high  con¬ 
centration  of  hexosamine  (1-2%  dry  wt.).  Thyroglobulin  is  shown  to 
contain  most  of  the  hexo.samine  (72%)  as  well  as  thyroid  hexoses  (91%) 
but  no  uronic  acid.  Thyroglobulin  is  therefore  a  glycoprotein,  rich  in 
hexosamine  (3.3%)  and  hexo.se  (4.5%). 

An  acid-soluble  glycoprotein  has  also  been  demonstrated  in  the  thyroid 
gland.  It  is  present  in  small  amounts  and  is  very  rich  in  hexosamine  (1 1 .5%). 

The  evidence  presented  does  not  support  the  observations  that  the 
thyroid  gland  (exclusive  of  connective  tissue)  contains  a  niucopolysac- 
charide. 

Hypophysectomized  rats  or  rats  treated  with  thyrotropic  hormone, 
despite  changes  in  thyroid  weight,  develop  no  changes  in  total  thyroid 
hexosamine. 

Stress  (fracture)  does  not  influence  the  total  amount  or  concentration 
of  hexosamine  in  the  thyroid. 
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THE  DESTRUCTION  OF  INSTJLIN  BY  INTACT 


1.  ARTHUR  :\IIRSKY,  GLADYS  PERISUTTI 
AND  ROBERT  JINKS 

Department  of  Clinical  Science,  School  of  Medicine,  Unicersity  of  Pittsburgh, 
IHttsburgh,  Pennsylvania 

IT  HAS  been  demonstrated  that  insulin  is  destroyed  “in  vitro”  by  slices, 
homogenates  and  extracts  of  liv'er  (Mirsky  and  Broh-Kahn,  1949; 
Mirsky  and  Perisutti,  1953;  Mirsky,  Perisutti  and  Dixon,  1954;  Mirsky, 
Perisutti  and  Dixon,  1955;  Tomizawa,  Nut  ley,  Marahara  and  Williams, 
1954).  Although  it  is  generally  agreed  that  insulin  is  destroyed  also  by  the 
intact  animal  (Greely,  1940;  Mirsky,  Podore,  Wachman  and  Broh-Kahn, 
1948;  Ilaugaard,  Vaughan,  Haugaard  and  Stadie,  1954),  the  evidence  of 
such  destruction  is  quite  indirect.  In  order  to  obtain  more  definitive  evi¬ 
dence  of  insulin  destruction  “in  vivo,”  the  rate  of  degradation  of  P**  labeled 
insulin  by  the  intact  mouse  was  determined. 

METHOD 

Fed  male  mice  of  from  18  to  25  gm.  in  weight  were  given  an  intraperitoneal  injection 
of  two  units  insulin  i)er  100  gm.  of  body  weight  and  a  subcutaneous  injection  of  1  ml. 
of  a  5.5%  gluco.se  .solution.  The  total  volume  of  insulin  injected  intraperitoneally  was 
0.02  ml.  per  gram  body  weight.  The  insulin  consisted  of  a  mixture  of  crystalline  zinc 
insulin  and  tracer  quantities  of  I*’*  labeled  insulin  i)rei)ared  by  the  Abbott  Laboratories. 
One  grouj)  of  mice  was  sacrificed  immediately  after  the  injection.  Other  animals  were 
sacrificed  at  30,  00  and  120  minutes  after  the  injection  of  insulin  during  which  intervals 
they  were  kei)t  in  individual  beakers.  Each  grouj)  consisted  of  ten  mice.  Those  mice 
which  were  sacrificed  at  120  minutes  after  the  injection  of  insulin  were  given  an  addi¬ 
tional  injection  of  1  ml.  glucose  at  00  minutes.  At  the  end  of  the  designated  interval, 
each  mouse  was  cut  uj)  with  shears  into  a  Waring  Blendor  ami  homogenized  with  three 
volumes  10%  trichloracetic  acid.  The  contents  of  each  animal’s  beaker  were  washed  into 
the  Blendor  with  the  trichloracetic  acid.  The  total  mixture  was  divided  uj)  into  api)roxi- 
mately  20  ml.  aliquots  in  tared  50  ml.  ])lastic  centrifuge  tubes  and  the  weight  of  each 
aliquot  was  determined.  The  radioactivity  of  the  aliquots  was  then  measured  in  a  well- 
type  gamma  counter.  Immediately  thereafter  the  aliquots  were  filtered  into  tared  tubes, 
the  filtrates  weighed  and  the  radioactivity  of  each  filtrate  measured.  All  counts  were 
corrected  for  background  and  coincidence  and  the  counts  j)er  minute  jrergram  comj)uted. 
The  jrercentage  of  counts  in  the  trichloracetic  acid  filtrate  of  each  aliquot  of  homogenate 
was  computed.*  The  mean  jrercentage  of  the  released  into  the  non-protein  fraction 

Received  for  i)ublication  November  19,  1954. 

‘  Aided  by  a  grant  from  the  Eli  Lilly  Comj)any  and  the  Foundation’s  Fund  for 
Research  in  Psychiatry. 

*  Subsequent  studies  revealed  that  identical  results  are  obtained  with  the  following 
procedure:  Two  20  ml.  aliquots  of  the  homogenate  are  weighed.  The  remainder  of  the 
homogenate  is  filtered  and  two  20  ml.  aliquots  of  the  filtrate  weighed.  The  radioactivity 
of  the  aliquots  is  determined  and  expressed  as  counts  i)er  minute  per  gram. 
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was  used  to  compute  the  fraction  of  the  administered  insulin  which  was  destroyed  by 
each  mouse  in  the  designated  interval.  Appropriate  corrections  for  the  destruction  of 
insulin  which  occurred  during  the  homogenization  of  the  mouse  were  made  b)'  subtract¬ 
ing  the  value  obtained  in  mice  sacrificed  immediately  after  the  injection  from  the  values 
obtained  at  30,  60  and  120  minutes  after  injection. 

In  addition  to  the  above,  groups  of  three  to  six  mice  were  injected  intraperitoneally 
with  different  amounts  of  insulin  containing  the  same  amount  of  I*’‘  labeled  insulin  and 
subcutaneously  with  1  ml.  of  5.5%  glucose.  One  group  of  animals  was  sacrificed  im¬ 
mediately  and  another  group  in  30  minutes  after  the  injections.  After  subtracting  the 
percentage  of  non-protein  I'®‘  found  in  the  animals  sacrificed  immediately  after  injection, 
the  quantity  of  insulin  destroyed  by  each  animal  in  the  interval  was  computed  from  the 
percentage  of  I'”  released  into  the  non-protein  fraction. 

RESULTS 

In  order  to  determine  whether  different  aliquots  of  homogenates  of 
mice  are  sufficiently  constant  to  permit  the  calculation  of  the  quantity 
of  insulin  destroyed  by  the  intact  animal,  the  homogenates  of  several  mice 
which  were  previously  injected  with  labeled  insulin  were  pooled  and  divided 
into  seven  aliquots.  The  radioactivity  of  each  aliquot  and  of  the  non-protein 
fraction  was  measured  as  described  above.  The  data  thus  obtained  in¬ 
dicate  that  aliquots  of  a  single  homogenate  are  quite  constant  (Table  1), 
the  coefficient  of  variablity  being  3.8%. 

The  data  illustrated  in  Figure  1  represent  the  mean  percentage  of  P®* 
present  in  the  non-protein  fraction  of  homogenates  of  whole  mice  after  cor¬ 
recting  for  the  P*‘  present  in  the  non-protein  fraction  of  animals  sacrificed 
immediately  after  the  injections  of  insulin  and  glucose.  It  is  apparent  that 
a  significant  progressive  increase  in  the  percentage  of  non-protein  P*‘ 
occurs  with  time.  Since  this  increase  represents  the  P®^  that  was  released 
from  the  injected  insulin  and  parallels  the  rate  of  insulin  inactivation 
(Mirsky,  Perisutti  and  Dixon,  1954)  it  serves  as  a  measure  of  the  quantity 
of  insulin  degraded  during  the  designated  interval.  Accordingly,  the  mean 
(±S.  E.)  rate  of  destruction  was  14.5  ±0.62%  in  30  minutes,  33.3+  1.88% 
in  60  minutes  and  62.0  +  2.30%  in  2  hours.  Since  each  mouse  was  given  2 


Table  1.  \’ari ability  betwee.v  Ai.iyroTs  of  trichloracetic  acid 

HOMOC.EXATES  OF  MICE 


.\liquot 

of  homogenate 

Filtrate  of  aliquots 

Per  cent 
of  total 
in  filtrate 

Grams 

Counts/min./gm. 

Grams 

1  Counts/min./gm. 

15.4670 

1480 

8 . 6089 

265 

17.9 

.  16.3457 

1525 

7.9902 

i  279 

18.3 

18.1844 

1  1481 

9.3331 

1  268 

18.1 

12.8774 

1513 

5.7892 

257 

17.0 

11.3650 

'  1518 

5.4260 

261 

17.2 

16.7730 

1  1521 

8.9136 

!  260 

17.1 

18.7755 

1481 

9.1982 

277 

18.7 

Mean+S.D.  17.8+0.67 
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Fig.  1.  The  Rate  of  Desradation  of  I'®'  Labeled  Insulin  by  Intact  Mice.  Per  cent  of 
total  I*’*  found  in  non-i)iotein  fraction  of  hoinoffenates  of  mice  at  different  intervals  after 
the  injection  of  I'^^  labeled  insulin.  All  values  corrected  for  that  found  iniinediately  after 
injection.  The  mean  rate  computed  from  the  regression  of  the  jier  cent  of  non-protein 
on  time  (Y  =  0.18 +  0.52  X). 

units  of  insulin  per  100  gm.,  the  rate  of  insulin  destruction  was  0.28,  0.00 
and  1.24  units  per  100  gm.  in  30,  00  and  120  minutes  respectively. 

In  order  to  determine  the  relationship  between  the  rate  of  insulin  deg¬ 
radation  and  the  quantity  of  insulin  administered,  increasing  amounts 
of  insulin  were  administered  to  groups  of  three  to  six  mice  and  the  former 
computed  from  the  percentage  of  released  into  the  non-protein  frac¬ 
tion  in  30  minutes.  It  is  evident  from  Figure  2  that  up  to  a  concentration 
of  from  30  to  40  units  per  100  gm.,  the  quantity  of  insulin  destroyed  in  30 
minutes  after  the  injection  is  related  directly  to  the  quantity  of  insulin 
injected.  A  Lineweaver-Burk  calculation  (Lineweaver  and  Burk,  1934)  of 
these  data  suggests  that  the  degradation  of  insulin  ‘dn  vitro”  follows  first 
order  kinetics  (Insert  Figure  2).  The  maximum  velocity,  Vm,  thus  de¬ 
rived  is  59.35  units  per  1000  gm.  of  mouse  per  30  minutes  and  the  Alich- 
aelis  constant.  Km,  is  409.03.  Assuming  a  molecular  weight  of  6000  and 
expressing  the  initial  velocities  as  the  mM  of  insulin  destroyed  per  1000 
gm.  of  mouse  in  30  minutes  and  the  concentration  of  insulin  injected  as 
mM  per  1000  gm.,  the  Vm  and  Km  thus  derived  are  3.87  X10~^  and  2.73 
X 10“^  respectively. 


DISCUSSIOX 

The  destruction  of  insulin  by  slices,  homogenates  and  extracts  of  liver 
has  been  attributed  to  the  action  of  an  apparently  specific  hydrolytic 
enzyme  system  which  has  been  tentatively  designated  as  “insulinase” 
(Mirsky  and  Broh-Kahn,  1949;  Mirskj',  Perisutti  and  Dixon,  1955). 
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Fig.  2.  Effect  of  the  Quantity  Injected  on  the  Degradation  of  I^^^  Labeled  Insulin 
by  the  Intact  Mouse.  The  quantity  of  insulin  destroyed  in  30  minutes  computed  from 
the  per  cent  of  total  I'®‘  found  in  non-protein  fraction  of  homogenates  of  mice.  All  values 
corrected  for  that  found  immediately  after  injection.  Insert  is  a  Lineweaver-Burk  plot 
of  the  data  in  which  V  =  units  I*’*  labeled  insulin  degraded  in  30  minutes  per  100  grams 
of  mouse  and  S  =  units  U”  labeled  insulin  administered  per  100  grams  of  mouse. 

This  system  follows  first  order  kinetics  with  a  Km  that  is  characteristic 
of  hydrolytic  systems.  The  data  reported  herein  suggest  that  the  degrada¬ 
tion  of  insulin  in  the  intact  mouse  is  relatively  rapid  and  follows  first  order 
kinetics.  Accordingly,  it  is  probable  that  the  system  responsible  for  the 
degradation  of  insulin  I'itro”  is  also  responsible  for  the  degradation  of 
insulin  “in  vivo” 

The  rapidity  with  which  exogenous  insulin  is  destroj'ed  by  the  intact 
animal  and  the  quantity  of  insulin  that  the  apimal  is  capalile  of  destroying 
lends  emphasis  to  the  hypothesis  that  the  destruction  of  endogenous  in¬ 
sulin  may  be  a  major  factor  in  the  development  of  insulin  insufficiency 
(Mirsky,  1952).  These  observations  emphasize  also  that  it  is  erroneous  to 
consider  the  regulation  of  insulin  metabolism  only  in  terms  of  insulin  pro¬ 
duction  as  has  been  the  practice  in  the  past.  Both  the  secretion  and  the 
destruction  of  a  hormone  must  be  evaluated  before  the  mechanism  re¬ 
sponsible  for  its  insufficiency  or  excess  is  established. 

Although  v'aluable  information  concerning  the  destruction  of  insulin  can 
be  gained  from  studies  with  extracts  or  slices  of  tissues,  such  procedures  do 
not  yield  precise  data  about  the  factors  which  accelerate  or  inhibit  the  de- 
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struction  of  insulin  in  the  intact  organism.  The  procedure  described  herein 
permits  the  description  of  such  factors. 

SUMMARY 

Utilizing  I*®*  labeled  insulin,  it  has  been  demonstrated  that  the  intact 
mouse  destroys  exogenous  insulin  at  a  relatively  rapid  rate.  The  reaction 
appears  to  follow  first  order  kinetics  and  is  attributed  to  the  action  of 
“insulinase.” 
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NOTES  AND  COMMENTS 

IX  VITRO  SYNTHESIS  OF  DEHYDROEPIANDROSTERONE  SULFATEi 

I)e  Meio,  et  al.  (1952,  1953,  1954)  and  Bernstein  and  McGilvery  (1952a,  b)  have  shown 
that  rat  liver  prei)arations  can  synthesize  the  sulfuric  acid  esters  of  ordinary  phenols. 
It  is  well  known  that  several  steroids  (androsterone,  dehydroepiandrosterone,  estrone 
and  A*®-AllopreKnene-3|3-ol-20-one)  are  found  in  human  urine  as  sulfates  (Dorfman  and 
Ungar,  1953)  and  this  is  evidence  for  their  “in  vivo’’  formation.  With  the  same  type  of 
liver  prejjarations  used  for  the  study  of  the  formation  of  sulfuric  acid  esters  of  phenols 
we  have  been  able  to  demonstrate  the  “in  vitro”  formation  of  dehydroepiandrosterone 
sulfate.  The  requirements  for  this  synthesis  api)ear  to  be  the  .same  as  those  found  for  the 
formation  of  i)henyl  sulfates  (l)e  Meio  et  at.,  1953;  Bernstein  and  McGilvery,  1952a). 

EXPKKIMENTAL 

A  20%  homogenate  in  O.IM  potassium  phosphate  buffer  pH  7  was  prepared,  with  a 
Potter-Elvehjem  type  tissue  homogenizer,  from  livers  obtained  from  male  albino  rats 
(Albino  Farms,  Red  Bank,  New  Jersey)  immediately  after  killing.  A  “microsome-free” 
solution  was  obtained  from  this  homogenate  with  the  technique  described  in  a  previous 
paper  (De  Meio  et  al.,  1953).  The  “microsome-free”  solution  was  lyophilized  and  kept 
at  —20°.  The  activity  of  this  prei)aration  in  the  formation  of  p-nitrophenyl  sulfate  has 
not  changed  ajjpreciably  for  a  i)eriod  of  a  year.  The  lyophilized  material  when  required 
for  use  in  experiments  was  brought  to  the  initial  concentration  with  distilled  water. 
The  incubation  was  carried  out  in  a  medium  of  the  following  composition;  0.05M  potas¬ 
sium  j)hos|)hate  buffer  pH  7,  0.005M  0.015M  S()4“,  0.005M  ATP,“  0.09X10~^M 

dehydroei)iandrosterone  (l)HA).  The  DHA  was  dissolved  in  95%  alcohol  (30  /xg.  per  0.1 
ml.)  and  0.2  ml.  of  this  solution  added  with  continuous  shaking  to  the  vessel  already 
containing  the  enzyme  preparation  and  kept  at  0-5°.  The  preparation,  with  a  final  volume 
of  3  ml.,  was  incubated  for  2  hours  at  37.5°  in  air.  After  incubation  3  volumes  of  95% 
alcohol  were  added  i)er  volume  of  fluid  in  the  vessel,  the  protein  precii)itate  separated  by 
centrifugation  and  washed  3  times  with  2  ml.  95%  alcohol,  the  alcohol  washings  added  to 
the  first  alcohol  supernatant  and  evaporated  to  almost  dryness.  The  residue  was  taken 
up  with  3  ml.  of  distilled  water  and  extracted  4  times  with  3  ml.  peroxide-free  ethyl 
ether  to  obtain  the  free  DHA,  washing  the  combined  ether  extracts  with  2  ml.  of  distilled 
water,  which  was  added  to  the  acpieous  ))hase.  The  bound  DHA  was  obtained  from  the 
aqueous  ])hase  by  extracting  4  times  with  3  ml.  of  butanol.  Ether  and  butanol  were  evapo¬ 
rated  to  dryness  and  the  residue  taken  up  in  redistilled  95%  alcohol  and  DHA  determined 
colorimetrically  ai)plying  the  Zimmermann  reaction  according  to  the  technique  of  Pincus 
and  Pearlman  (1941)  using  the  Evelyn  photocolorimeter  and  filter  515.  According  to 
Bitman  and  Cohen  (1951)  the  chromogenic  value  of  DHA  sulfate  is  equivalent  to  its 
DHA  content.  We  have  confirmed  this  observation  and  checked  our  technique  of  deter¬ 
mination  using  i)ure  DHA  and  DHA  sulfate.  The  blank  values  corresj)onding  to  the 
enzyme  i)rei)aration  were  determined  and  substracted  from  the  values  found  for  the 
samples.  The  average  blank  values  for  the  ether  extract  corresponded  to  6  jug.  of  DHA 
and  for  the  butanol  extract  corres|)onded  to  11.5  /xg.  of  DHA. 

Received  for  publication  September  17,  1954. 

‘  These  studies  were  aided  in  j)art  by  contract  Nonr  229  (00)  with  the  Office  of  Naval 
Research  and  by  research  grant  G-3839  from  the  National  Institutes  of  Health,  PHS. 

*  Disodium  ATP  from  the  Pabst  Laboratories,  Milwaukee,  Wisconsin. 
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Tabke  1.  Synthesis  of  dehydroepiandrosteronb  suefate  by 

RAT  LIVER  “mK'ROSOME-FREE”  SOLl’TION 


I’rcparations 

Hound  1)H.\ 

(in  Mg.) 

.\dditiuns 

Boiled 

0 

ATP-|-Mg++-t-a04- 

Dialyzed 

2.3 

- -|-Mg++-t-S()4- 

Dialyzed 

1  5.2 

ATP-I- - l-SOj- 

Dialyzed 

9.4 

- * 

Dialyzed 

27.8 

1  .\TP-|-Mg++-1-S04- 

()0  mK-  of  DHA  per  vessel. 

*  The  equivalent  amount  of  potassium  chloride  was  substituted  for  the  potassium 
sulfate. 


RE.SULTS 

In  Table  1  some  representative  figures  clearly  indicate  that  the  “microsome-free” 
solution  is  able  to  produce  binding  of  DHA.  There  is  about  66%  decrease  in  the  binding 
of  DHA  when  sulfate  is  not  present  and  a  greater  decrease  is  observed  when  ATP  or 
Mg"^  are  left  out. 


DISCUSSION 

The  fact  that  a  threefold  increase  in  binding  of  DHA  is  observed  when  sulfate  is  added 
is  indirect  evidence  for  the  formation  of  dehydroepiandrosterone  sulfate.  Whatever  bind¬ 
ing  takes  place  when  sulfate  is  not  added  to  the  medium  may  be  attributed  to  another 
form  of  binding  (possibly  glucuronide).  The  results  indicate  that  there  is  a  requirement 
for  ATP  and  and  in  this  resjiect  the  system  behaves  like  that  involved  in  the  syn¬ 

thesis  of  sulfuric  acid  esters  of  phenols  (De  Meio  ei  al.,  1953;  Bernstein  and  McGilvery, 
1952a). 

SUM.MARY 

The  in  vitro  synthesis  of  what  appears  to  be  dehj^droepiandrosterone  sulfate,  with 
rat  liver  jirejiarations,  has  been  demonstrated.  The  system  requires  Mg+^  and  ATP  for 
activity. 
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EFFECTS  OF  ESTROGENS  ON  BONE  DENSITY  IN 
ENGLISH  SPARROWS 

Estrogenic  substances  stimulate  endosteal  growth  in  birds  (Pfeiffer  and  Gardner, 
1938)  and  mice  (Gardner  and  Pfeiffer,  1938).  These  effects  usually  have  been  evaluated 
on  the  basis  of  proliferation  of  medullary  bone  as  determined  from  sections.  The  following 
studies,  utilizing  bone  density  as  an  index  of  growth,  were  carried  out  in  an  attempt  to 
obtain  a  more  objective  index  of  osteotropic  action. 

Twelve  wild-caught  (January,  1954)  male  English  Sjiarrows  {Passer  domesticus) 
were  used  in  these  experiments. ‘  Thej'  were  divided  into  three  groups  of  4  birds  each. 
Group  I  served  as  controls  and  received  0.05  ml.  corn  oil  daily;  grouj)  II  received  20  /xg. 
of  estrone  and  grouj)  III,  50  jag.  of  methallenestril  (Vallestril)  in  0.05  ml.  corn  oil  per 
day.  Intramuscular  injections  were  continued  for  19  days.  At  autojisy,  24  hours  after 
the  final  injection,  the  long  bones  of  the  left  side  were  removed  grossly,  autoclaved  at 
15  pounds  pressure  for  15  minutes,  and  cleaned  of  adherent  tissue.  The  cleaned  bones 
were  dried  to  constant  weight  at  70°  C.  and  weighed  on  a  Roller-Smith  torsion  balance. 

Densities  were  obtained  by  saturating  the  bones  with  distilled  water  to  constant 
weight  and  weighing  them  in  water  and  in  air  to  the  nearest  0.05  mg.  Calculations  were 
based  uiron  the  following  relationship: 


where  px  is  the  density  of  the  bones;  pi  the  density  of  distilled  water  at  the  temperature 
at  which  the  weighing  was  made;  Il'i  weight  of  the  bone  suspended  in  water,  and  IPo 
weight  of  bone  in  air.  Because  it  was  found  that  the  surface  tension  of  the  water  exerted 
a  force  equal  to  about  2  mg.  on  the  suspending  fibre,  a  wetting  agent,  Wetanol,  was  added 
to  the  water  to  reduce  surface  tension  (20  mg.  Wetanol  per  100  ml.  of  water).^ 

Dry  weights  and  densities  of  bones  are  presented  in  Table  1 .  Although  only  the  femora 
showed  significanth’  increased  densities  under  stimulation  with  both  estrogens,  all  mean 
values  for  all  bones  of  treated  groups  were  increased  over  controls.  The  tibio-tarsus  of 
estrone-treated  birds  was  also  significantly  more  dense,  and  if  one  aberrant  bone  is  re¬ 
moved  from  the  calculations  the  Vallestril-treated  group  shows  a  significant  increase 
in  densitj'.  None  of  the  dry  weights  showed  significant  difference  between  groui)s. 

These  results  agree  well  with  studies  employing  radiocalcium  (Govaerts,  Dellemagne 
and  Melon,  1951)  which  showed  the  femur  and  tibia  to  be  the  bones  most  responsive 
to  estrogenic  treatment  in  pigeons.  These  data  are  also  of  interest  in  view  of  the  recent 
imj)lication  of  hyperestrogenism  in  the  etiology  of  osteopetrosis  (Borellini  and  Camurati, 
1952). 

SUMMARY 

Estrogens  produced  significant  increase  in  density  of  the  femur  and  tibio-tarsus  of 
English  sparrows. 

Richard  A.  Edgren 

Divisio7i  of  Biological  Research 
G.  I).  Searle  and  Co. 

Chicago,  Illinois 

Received  for  publication  November  19,  1954. 

*  Birds  were  obtained  through  the  kindness  of  Dr.  Albert  Wolfson  of  Northwestern 
t^niversity. 

*  I  am  indebted  to  Mr.  H.  S.  Backus  of  G.  I).  Searle  &  Co.  for  suggestions  on  the 
physical  aspects  of  these  problems. 
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BOOK  REVIEW 

Principles  of  Biochemistry.  1954.  By  Abraham  White,  Ph.D.,  Philip  Handler,  Ph.D., 
Emil  L.  Smith,  Ph.D.,  and  DeWitt  Stetten,  Jr.,  M.D.,  Ph.D.  Published  bj'  McGraw- 
Hill  Book  Company,  Inc.,  New  York.  pp.  1117,  138  text  figures,  87  tables. 

The  work  under  review  is  the  latest  of  a  group  of  new  textbooks  of  biochemistry  that 
have  appeared  in  the  last  several  years.  Their  novelty  lies  in  emphasis  upon  the  bio¬ 
chemical  details  of  cellular  processes,  a  modern  movement  initiated  in  1947  by  Baldwin’s 
lively  and  graceful  “Dynamic  Aspects  of  Biochemistry.”  The  new  texts  take  origin  from 
a  shift  in  the  attention  of  biochemists  toward  ideas  and  methods  relating  to  the  cell  and 
its  parts  rather  than  to  the  organism  and  its  organs,  from  the  consequent  immense  ac¬ 
cumulation  of  detailed  knowledge  of  enzymatic  processes,  and  from  the  necessity  of  pre¬ 
senting  an  orderly  introduction  to  the  concepts  and  general  principles  of  cellular  metab¬ 
olism  and  of  relating  this- new  material  to  past  knowledge  and  thought.  Only  brief  re¬ 
flection  is  required  to  recognize  the  awesome  task  set  for  the  authors  of  a  modern  text¬ 
book  of  biochemistry.  One  admires  their  gallantry  and  fortitude  even  while  regretting  that 
so  often  the  reach  exceeds  the  grasp. 

The  first  three  parts  of  the  juesent  work,  comprising  rather  more  than  half  the  text, 
introduce  the  fundamentals:  the  chemistry  of  cell  constituents:  catalysis;  and  metabo¬ 
lism.  The  last  four  parts  represent  special  aspects  of  apiilied  biochemistry  or  of  the  de¬ 
velopment  of  the  subject  from  particular  points  of  view:  body  fluids;  biochemistry  of 
specialized  tissues,  biochemistry  of  the  endocrine  glands;  and  nutrition.  The  ordering  of 
the  topics  is  reasonable,  and  the  treatment  is,  on  the  whole,  well  balanced  in  the  light  of 
the  scope  and  requirements  of  the  whole  text.  The  nine  chapters  on  metabolism  make  iqi 
about  thirty  per  cent  of  the  book.  They  are  comprehensive  in  respect  to  the  intracellular 
chemical  transformations  of  the  major  foodstuffs.  The  concepts  and  principles  of  cellular 
metabolism  are  admirably  presented  and  luxuriously  illustrated.  One  chapter,  on  com¬ 
mon  pathways  in  metabolism,  makes  a  jiraiseworthy  attempt  to  relate  the  diverse  cellu¬ 
lar  processes  to  what  might  one  call  a  “metabolic'  plan”  of  the  cell.  The  section  on 
metabolism  does  not,  however,  convey  any  quantitative  sense  of  the  larger  motions  of 
metabolism,  of  ebb  and  flow,  and  of  balance,  which  characterize  the  whole  organism. 
For  the  clinician-physiologist  the  fundamental  juinciples  of  chemical  transformations  in 
cells  are  essential  to  the  understanding  and  interjuetation  of  many  of  his  problems,  but 
an  effective  grasp  of  the  organism  in  action  cannot  be  derived  in  any  direct  way  from 
those  principles.  To  some  extent  the  last  four  parts  of  the  book  make  up  for  this  by  their 
treatment  of  biochemical  events  in  larger  sjiheres  of  action.  The  section  on  endocrines, 
which  is  concise,  well-organized  and  nicely  pi'esented,  is  primarily  biochemical  in  point 
of  view.  The  opportunity  afforded  by  the  endocrine  system  for  presenting  an  outline  of 
metabolic  interrelationships  is  not  taken.  Thus  in  this  work,  as  in  each  of  the  other  recent 
textbooks  of  biochemistry,  a  picture  of  the  metabolism  of  the  organism  does  not  quite 
come  through.  None  of  them  achieves  a  true  integration  of  fundamentals. 

The  book  as  a  whole  is  remarkably  even  in  tone.  The  individualities  of  the  four  authors 
have  been  successfully  merged  in  a  sober  and  undemonstrative  style.  The  text  is  almost 
free  from  errors  of  printing,  and  the  imlexing  is  thoughtful  and  thorough.  Although  the 
book  is  rather  sparsely  illustrated  there  are  many  reactions  and  reaction  schemes,  and 
these,  set  off  from  the  text  in  a  clean  bold-face,  are  clear  and  easy  to  follow.  There  arc 
few  direct  references  in  the  text,  but  at  the  end  of  each  chapter,  or  group  of  chai)ter!“ 
there  are  references  to  books,  review  articles  and  original  papers.  These  have  been  judi¬ 
ciously  selected  and  they  furnish  an  excellent  guide  to  further  reading. 

The  authors  may  be  congratulated  on  their  contribution  to  the  new  group  of  working 
textbooks  of  biochemistry.  Their  work  can  stand  respectably  with  the  others,  and  it  may 
be  admired  for  its  many  excellences.  No  student  who  works  with  it  will  fail  to  acquire  a 
lasting  appreciation  of  the  broad  scope  and  fundamental  importance  of  biochemistry. 

Alfred  E.  Wilhelmi 
Dept,  of  Biochemistry 
Emory  University 
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THE  1955  ANNUAL  MEETING 

The  Thirty-seventh  Annual  Meeting  of  The  Endocrine  Society  will  be 
held  in  the  Chalfonte-Haddon  Hall  Hotel,  Atlantic  City,  New  Jersey,  on 
Thursday,  Friday  and  Saturday,  June  2,  3  and  4,  1955. 

Dr.  IMatthew  Molitch,  705  Pacific  Avenue,  Atlantic  City,  New  Jersey, 
is  in  charge  of  the  local  arrangements  for  the  meeting. 

All  Scientific  Sessions  will  be  held  in  the  Chalfonte-Haddon  Hall  Hotel. 
The  rooms  in  which  each  session  will  be  held  will  be  announced  in  the  pro¬ 
gram  and  on  the  hotel  bulletin  board.  The  annual  dinner  is  scheduled  for 
Friday,  June  3,  at  7:30  p.m.,  preceded  by  cocktails  at  6:30  p.m. 

All  members  are  urged  to  make  hotel  reservations  immediately,  as  the 
hotels  expect  to  be  filled  to  capacity.  Correspond  directly  with  Chalfonte- 
Haddon  Hall,  advising  time  of  arrival  and  departure.  Make  your  reserva¬ 
tions  now  and  avoid  disappointment. 


THE  SEVENTH  POSTGRADUATE  ASSEIMBLY  IN  ENDO¬ 
CRINOLOGY  AND  METABOLISIVI  SPONSORED  JOINTLY 
BY  THE  ENDOCRINE  SOCIETY  AND  THE  INDIANA 
UNIVERSITY  SCHOOL  OF  MEDICINE  AT  THE 
CONTINUATION  STUDY  CENTER  OF  THE 
INDIANA  UNIVERSITY  MEDICAL  CENTER, 
INDIANAPOLIS,  INDIANA— 

SEPTEMBER  26-OCTOBER  1,  1955 

The  faculty  will  consist  of  twenty-one  eminent  clinicians  and  inves¬ 
tigators  from  various  parts  of  the  country  in  the  fields  of  endocrinology 
and  metabolism.  The  program  will  cover  the  various  endocrinopathies 
with  emphasis  on  the  clinical  aspects,  with  demonstrations  of  laboratory 
tests,  presentations  of  cases,  and  question  and  answer  panel  discussions. 
The  course  is  designed  to  cover  the  main  aspects  of  diagnosis  and  therapy 
in  the  field  of  endocrinology  and  metabolism  for  the  physician  in  general 
practice  and  for  those  in  other  specialties  who  wish  to  have  a  general 
knowledge  of  this  rapidly  growing  field. 

A  syllabus  with  brief  abstracts  of  lectures  will  be  available  to  the  regis¬ 
trants  at  the  time  of  the  assembly. 

For  further  information  concerning  the  program,  write  Post  Graduate 
Office,  Indiana  University  Medical  Center,  1100  West  Michigan  Street, 
Indianapolis  7,  Indiana.  Registration  is  limited  to  100;  tuition  fee  is 
$100.00.  Arrangements  for  housing  accommodations  will  be  made  through 
the  Indiana  Medical  Center. 
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THE  LAURENTIAN  HORMONE  CONFERENCE 


The  Laurentian  Hormone  Conference  of  the  A  A  AS  will  hold  its  1955 
annual  meeting  at  the  Hotel  Stanley,  Estes  Park,  Colorado,  during  the 
period  September  11-16.  Interested  investigators  and  specialists  in  the 
hormone  field  may  apply  for  attendance  by  writing  to  the  Committee  on 
Arrangements,  222  Maple  Avenue,  Shrewsbury,  Massachusetts,  for  appli¬ 
cation  blanks.  Since  accommodations  at  the  hotel  necessarily  limit  the 
attendance,  only  those  persons  submitting  applications  can  be  considered. 
The  application  blanks  must  be  received  by  the  Committee  no  later  than 
May  6  in  order  to  insure  issuance  of  invitations  as  soon  as  possible  there¬ 
after. 

The  following  program  has  been  arranged: 

I.  Hormone  Biosynthesis  and  Metabolism 

The  Biosynthesis  and  Metabolism  of  Thyroid  Hormone. 

J.  Roche,  College  de  France 

The  Adrenal  ^ledulla  and  the  Formation  of  Pressor  Amines. 

Paul  Hagen  and  A.  D.  Welch,  Yale  University  Medical  School 
Biosynthesis  of  the  Sterols  and  Steroid  Hormones,  with  Particular 
Reference  to  the  Estrogens. 

R.  D.  H.  Heard,  McGill  University  School  of  Medicine 
Biogenesis  of  Neutral  Steroid  Hormones. 

Mika  Hayano,  N.  Saba,  R.  I.  Dorfman  and  O.  Hechter,  The 
Worcester  Foundation  for  Experimental  Biology 
Enzymatic  Mechanisms  of  Steroid  Metabolism,  (a)  Oxidation- 
Reduction  Reactions  of  the  Steroid  Nucleus,  (b)  Synthesis  of  Steroid 
Glucuronides. 

K.  J.  Isselbacher  and  G.  Tomkins,  National  Institutes  of  Health 

II.  Hormones  and  Met.\bolism 

Influence  of  Steroids  on  Cerebral  Metabolism  in  Man. 

G.  S.  Gordon,  University  of  California  Medical  Center 
Studies  of  Aldosterone  in  Relation  to  Water  and  Electrolyte  Balance. 

J.  A.  Luet.scher,  Jr.,  Stanford  University  School  of  Medicine 
Tissue  Metabolism  and  Growth. 

M.  E.  Krahl  The  University'  of  Chicago 

III.  Pituitary  Hormones 
Human  Urinary  Gonadotrophin. 

A.  Albert,  Mayo  Clinic 
Hormonal  Control  of  ^Melanin  Pigmentation. 

A.  B.  Lerner,  University  of  Oregon  Medical  School 
Pituitary  Syndromes  in  Man. 

R.  F.  Escamilla,  San  Francisco,  California 

IV.  Sex  Hormones 

Male  Sex  Hormone  and  Its  Role  in  Reproduction. 

Thaddeus  Mann,  University  of  Cambridge,  England 
Clinical  Studies  of  Testicular  Hormone  Production. 

W.  O.  Maddock,  C.  A.  Paulsen,  and  R.  B.  Leach,  Wayne  Uni¬ 
versity  College  of  Medicine 

The  Mechanism  of  Progesterone  Effect  on  Uterine  Muscle. 

A.  Csapo,  Carnegie  Institution  of  Washington 


